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INTRODUCTION 
The spectacular  succes ses  of the Apollo p rog ram have been 
witnessed by mill ions of people, a s  one as t ronaut  af ter  another has  
moved about and worked on the face  of the moon. As the average  TV 
viewer watches a Lunar Module r i s e  f r o m  the moon's  sur face ,  he m a y  
marve l  momentar i ly  when the TV anchorman descr ibes  the hosti l i ty 
of the environment outside the spacecraf t ;  he m a y  be somewhat o v e r -  
whelmed a s  he wonders about the communication sys t ems  that con- 
stantly in form the c r ew and ground control  of the exact  position and 
orientation of the vehicle and the s ta tus  of i t s  hundreds of life s u s -  
taining s y s t e m s ,  the control  sys t ems  that  produce near  perfect  o rb i ta l  
inser t ion,  o r  the propulsion sys t ems  that hurdle  the lunar module 
into the black sky. What he m a y  never  re f lec t  on o r  appreciate  m o r e  
than fleetingly i s  the extent to which these accomplishments built 
upon, and in  tu rn  extended, the huge base  of technological competence 
found in  Amer ican  industry ,  a base  so fundamental  to our  way of l ife.  
In pursu i t  of such miss ions  a s  Apollo, the National Aeronautics 
and Space Administration has  called into being unique equipment that 
obviously has l i t t le  d i r ec t  application beyond the achievement of 
miss ion  objectives.  Yet, to a s s u m e  that  fur ther  d i rec t  application 
of space p r o g r a m  hardware  is somehow a m e a s u r e  of the industr ia l  
benefits accruing to the nation i s  to misunders tand how the creat ion 
of new technology affects modern  industr ia l  capability. 
This document p re sen t s  a prof i le  of the significant ways in 
which technological developments in  response  to aerospace  miss ion  
requi rements  have been coupled into industr ia l  p rac t ice ,  with the 
r e su l t  being that improved products and p roces ses  a r e  now being 
utilized to benefit  the nation. The examples  used he re  to i l lus t ra te  
the different modes of technology utilization a r e  deficient in one a r e a :  
i t  has  not been possible to capture  the essen t ia l  ro le  of imaginative 
and dedicated people in effecting the secondary utilization of aerospace  
technology. I t  should be understood, however, these people--within 
NASA, the fami ly  of NASA con t r ac to r s ,  and in the professional,  tech-  
nical ,  and  industr ia l  communit ies  a t  large--provide a c ruc ia l  ingred-  
ient in the different modes  of technology utilization descr ibed  he re .  
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AN OVERVIEW: THE MODES FOR 
NEW TECHNOLOGY UTILIZATION IN INDUSTRY 
While awaiting the flight of Apollo 17, v i s i to rs  to Cape Kennedy 
were  told about "a unique par tnersh ip"  between government and in- 
dus t ry  that was to culminate in  this l a s t  planned moon expedition. 
The vehicle assembly  complex and the launch of the Saturn V rocket  
i tself  provided compelling tes t imony for  the effect iveness  of this 
par tnership.  The Saturn and the flight capsules  alone have some  
eight million manufactured components,  organized into thousands of 
interacting sys t ems ,  an a s s e m b l y  that comments  d i rec t ly  on the sca le  
of NASA's involvement with Amer ican  industry  for  the pas t  15 yea r s .  
This involvement has l e f t  i t s  m a r k  on industry ,  par t icular ly  in the 
way new industr ia l  products  a r e  manufactured.  New al ternat ives  in 
the design of essen t ia l  machinery,  ins t ruments ,  and components,  
together with improvements  in  the basic  p r o c e s s e s  used in man-  
ufacturing, a r e  a d i rec t  consequence of the N ~ S ~ / i n d u s t r ~  re la t ion-  
ship. 
The NASA influence on indus t r ia l  products  and prac t ice  s t e m s  
f r o m  the inherent r e s e a r c h  and development orientation of the NASA 
program i tsel f .  NASA r e s e a r c h  and development (R&D) activity 
spans some 33 major  technical  disciplines that  a r e  p a r t  of the mech-  
anical ,  e lec t r ica l ,  chemical ,  aeronaut ical ,  ma te r i a l s  and s t ruc tu ra l  
engineering f ie lds .  F u r t h e r ,  the Agency's conduct of R&D has two 
essen t ia l  fea tures  that maximize  i t s  effect  on industr ia l  production 
and pract ice:  
As the l i t e ra l ly  thousands of specific R&D invest i -  
gations have been continued o r  completed, the 
f ron t ie rs  of the var ious  engineering fields have 
been extended and the resul t ing p rog res s  documented. 
The bulk of NASA's R & D  funding has  been expended 
in industr ia l  organizat ions ,  where technical  gains 
in the engineering f ie lds  occur  in an  environment 
of strong res ident  engineering capabil i ty and in- 
dus t r ia l  capacity.  
These two charac te r i s t ics ,  p r e se rv ing  technical  gains and a s t rong 
re l iance  on qualified r e s e a r c h  and development by industr ia l  f i r m s ,  
f o r m  the foundation f o r  the embodiment of new technology. 
A p r i m e  r eason  for the dominant ro le  of the H e x i p a c e  sec tor  
in technology generation i s  i t s  heavy R&D emphas is  and, in par t icu la r ,  
i t s  will ingness to undertake l a rge - sca l e ,  h igh-r isk r e s e a r c h .  T rad i -  
tionally, business  f i r m s  have not supported r e s e a r c h  p rog rams  unless 
they had a high probabili ty of economic r e t u r n  through the sa le  of a 
product o r  provision of s e rv i ces  in  the marke tp lace .  However, a 
f ede ra l  p r o g r a m  office may  cont rac t  for  r e s e a r c h  and development 
work with f i r m s  that have a specific r e s e a r c h  capability, but not 
neces sa r i l y  the re la ted  production capability. Thus,  i t  has become 
economically feasible  for  a f i r m  to conduct ce r t a in  r e s e a r c h  and 
development, even though i t  might not lead to a n  engineering and 
production contract .  
As a r e su l t ,  the number of capable f i r m s  conducting r e s e a r c h  
expanded substantially beyond the number  which previously recovered  
r e s e a r c h  investments  through production. As the s ize  of the r e s e a r c h  
effort  expanded, and new organizations undertook R & D ,  the number 
of innovations multiplied. The R & D  organizations which were  not 
commit ted to tradit ional production methods often brought f r e s h  
approaches and experimentation to the a r e a s  of engineering design 
and manufactur ing p roces ses ,  thus fu r the r  advancing the s ta te-of- the-  
a r t .  The v e r y  sca le  of this act ivi ty  has  s e t  the stage for  the broad 
advance in commerc i a l  industr ia l  p rac t ice  that i s  now underway. 
How has ae rospace  technology t r a n s f e r r e d  and diffused to 
n t h e r  economic s e c t o r s  to p e r m i t  secondary  utilization of the tech-  
nology? There  a r e  many  modes ,  o r  f o r m s  of t ransfer /dif fusion,  
which in te rac t  in a ve ry  complex way to enhance the movement of 
technology among sec to r s .  Severa l  of these modes  have been iden- 
tified. They include: 
Diversification by  f i r m s  producing for  the aerospace  
sec to r  that: (1) shift production faci l i t ies  and personnel 
f r o m  ae rospace  to commerc i a l  products ,  o r  ( 2 )  implement 
f o r m a l  organizational policies that bring continued appli- 
cat ion of their  ae rospace  experience in commerc i a l  marke t s .  
o The genera l  improvement  of industr ia l  production prac t ice  
and product quality through NASA-initiated specifications 
and s tandards  f o r  space  p r o g r a m  hardware  procurement .  
Development of new p r o c e s s  and product technology 
by industr ia l  cont rac tors  to promote the d i r ec t  i n t e r e s t s  
of ae rospace  p rog rams ,  with subsequent commerc i a l  
production occur r ing  because other m a r k e t s  and appli-  
cations a r e  recognized. 
In t e r sec to ra l  diffusion of technology generated through 
long- t e rm bas ic  and applied r e s e a r c h  and development 
in  ma te r i a l s ,  appara tus ,  and p roces ses  by the d i s sem-  
ination of r e s u l t s  through professional  societ ies ,  industr ia l  
design codes and published documentation. 
Relocation of skil led individuals f r o m  ae rospace  employ- 
ment  to employment in  a different economic sec to r ,  
resul t ing in  adoption of ae rospace  technology to solve 
analogous problems encountered in the new sec to r .  
Publ ic - in te res t  t r a n s f e r  of space p rog ram experience 
to nonaerospace organizat ions  through a planned p rog ram 
linking the  aero aerospace sec tor  with commerc i a l  
f i r m s  and public s ec to r  enti t ies.  
In the descr ipt ions  that follow, s eve ra l  examples  a r e  presented 
to i l lus t ra te  each of these modes .  Taken together,  i t  will be seen 
that NASA R & D  activity has  had a pervasive impact  on American 
industry,  and the momentum i s  building. 
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MODE I: Diversification by  f i r m s  producing for  the 
ae rospace  sec to r  that: (1) shift  production 
faci l i t ies  and  personnel  f r o m  aerospace  to 
commerc i a l  products ,  o r  (2)  implement  
fo rma l  organizational policies that br ing 
continued application of their  ae rospace  
experience in  commerc i a l  marke t s .  
Since 1961, when P res iden t  Kennedy summoned the United 
States to achieve the s ta tus  of a spacefaring nation second to none, 
NASA's policy has  been to r e l y  upon cont rac t s  with many  nongovern- 
mental  es tabl ishments  to help accomplish i t s  var ious  miss ions .  Over 
50 percent  of a l l  funds invested in  NASA programs  have been spent 
outside the government;  in  some  yea r s ,  this has  reached  55 ~ e r c e n t .  
These p r o g r a m s  have involved about 20,000 industr ia l  p r ime and sub- 
cont rac tors  and suppl ie rs ,  200 univers i t ies ,  and during the peak year  
of 1965, over  400,000 government and industry  workers  (Webb, 1968). 
These  contracting organizations and the people they employ 
contribute existing r e s e a r c h  capabil i t ies,  manufacturing faci l i t ies ,  
and production exper t i se  that government facil i t ies do not have. Like- 
wise ,  they invar iably acqui re  a res idua l  capability f r o m  their  NASA 
experience that  in many  ways i s  valuable to commerc i a l  and industr ia l  
en te rpr i ses .  This res idua l  capability is shaped by the subtle nature  
of the technological contributions assoc ia ted  with space r e sea rch - -new 
techniques in m e t a l  fabrication,  new ma te r i a l s ,  improved engineering 
analysis  techniques, vast ly  improved rel iabi l i ty  and unparalleled 
safety. Sometimes the commerc i a l  products marke ted  by  NASA con- 
t r ac to r s  a r e  the d i r ec t  descendants of ae rospace  products ;  but much 
m o r e  often, such products embody the new knowledge gained when a 
company does R&D for  NASA. 
While this technological subtlety makes  i t  difficult for  the 
"man-on-the-s t reet"  to identify benefits of ae rospace  r e s e a r c h ,  many 
industr ia l  f i r m s  a r e  capitalizing on their  NASA experience.  The 
following examples  i l lus t ra te  how only th ree  companies--North Amer -  
ican Rockwell, Bendix, and TRW--have implemented p r o g r a m s  to 
fur ther  uti l ize capabil i t ies that  have been c rea t ed  o r  expanded because 
of their  ae rospace  cont rac t s .  
North  A m e r i c a n  Rockwell  Corporat ion (NAR). Nor th  A m e r i c a n  
h a s  been one of the m a j o r  NASA c o n t r a c t o r s  throughout the s p a c e  p r o -  
g r a m ,  having des igned and  buil t  the Apollo capsu le ,  the  S-I1 s t age  of 
the Sa tu rn ,  a l l  of the Sa tu rn  engines ,  and n u m e r o u s  o the r  h a r d w a r e  
s y s t e m s .  P r i o r  to a  1967 m e r g e r ,  Nor th  A m e r i c a n  Aviation w a s  a n  
a e r o s p a c e  f i r m  with 97 p e r c e n t  of i t s  bus iness  coming f r o m  the govern-  
ment ;  Rockwel l -Standard  w a s  a n  indus t r i a l  f i r m  with s t r eng ths  in 
c o m m e r c i a l  production and  m a r k e t i n g  know-how, but  s h o r t  on t ech-  
nology. Among the s t a t e d  in tents  of tha t  m e r g e r  w e r e  (Meechan,  1969): 
Nor th  A m e r i c a n  w a s  seeking to b roaden  and s t ab i l i ze  
i t s  b u s i n e s s  b a s e  via a  m a j o r  c o m m e r c i a l  out le t .  
Rockwell  w a s  i n t e r e s t e d  in avai l ing  i t se l f  of  sophis t ica ted  
a e r o s p a c e  technology to i m p r o v e  and  expand i t s  product  
l ines  and  p r o c e s s e s .  
In 1971 EAR underwent  a m a j o r  o rgan iza t iona l  r ea l ignment  
des igned to focus i t s  s t r e n g t h  on four  m a i n  m a r k e t i n g  a r e a s :  a e r o -  
s p a c e ,  a u t o m o t i r e ,  e l e c t r o n i c s  and  indus t r i a l  p roduc t s .  The company  
a l s o  f o r m a l i z e d  i t s  i n t e r n a l  technology t r a n s f e r  p r o g r a m  a t  the 
c o r p o r a t e  l eve l ,  headed by the v ice  p r e s i d e n t  of  r e s e a r c h  and eng ineer -  
ing.  Most ,  if not  a l l ,  NAR technology t r a n s f e r  p r o j e c t s  can  be  put 
into one of t h r e e  "intent" c a t e g o r i e s ,  namely:  to e n t e r  the m a r k c t -  
p lace  with a  new product ;  to expand c u r r e n t  m a r k e t s  with i m p r o v e -  
m e n t s  to exist ing p roduc t s ;  o r  to r e d u c e  production c o s t s  with new o r  
improved  p r o c e s s e s .  
The  Nor th  A m e r i c a n  Rockwel l  Microe lec t ron ics  Company 
(NRMEC) TA-4  c a l c u l a t o r  is a n  example  of the f i r s t  in ten t - -c rea t ing  
new produc t s .  NAR i s  one of the w o r l d ' s  leading d e s i g n e r s  and  p r o -  
d u c e r s  of m i c r o e l e c t r o n i c  s y s t e m s  based  on so -ca l l ed  MOS/LSI 
( m e t a l  oxide semiconductor/large-scale in tegra ted)  c i r c u i t s ,  and  
company  e n g i n e e r s  have p ioneered  in  a e r o s p a c e  e l e c t r o n i c s  del-elop- 
m e n t  f o r  NASA for m o r e  than a decade .  Th i s  e x p e r t i s e  was  r e c e n t l y  
d i r e c t e d  to the development  of a "consumer  ca lcu la to r"  tha t  can  be  
used  f o r  a n u m b c r  of household p r o b l e m s  and  s e l l s  f o r  under  $100. 
Over  200,000 of  t h e s e  a l l - p u r p o s e ,  s u p e r  - f a s t  m a c h i n e s  have been 
sold  to m a s s  m e r c h a n d i s e r s  s u c h  a s  Lloyd 's  E l e c t r o n i c s  and S c a r s  
Roebuck and  s u c h  l a r g e  mail o r d e r  d i s t r i b u t o r s  a s  Logic Dala.  
NRMEC off ic ia ls  p r o j e c l  s a l e s  of n e a r l y  one mi l l ion  units  o v c r  the 
nex t  t h r e e  y e a r s  (Skyline, 1972). 
Examples of the second intent abound--an electronic printing 
p r e s s ,  a computer -ass i s ted  brake control  s y s t e m  for  t rucks ,  a 
digital-controlled phototypesetter,  paper cut ter  controls ,  and an  
electronic  knitting machine a r e  just a few. This la t te r  machine can 
i l lus t ra te  the impact  of NAR's direct ive to capitalize on i ts  ae rospace  
experience.  The ElectroKnit-48 was  a joint development between the 
Electronics  Group and NAR's Textile Machinery Division. It involved 
a unique m a r r i a g e  of e lectronics  and e lec t ro-sys tems  technology to 
a previously a l l -mechanical  sys tem.  The r e s u l t  has  been a new 
standard of excellence in  knitting machines .  While the ElectroKnit-  
48, which i s  controlled by magnetic tape,  cos t s  m o r e  than mechanical  
units--$56,000 compared with l e s s  than $50,000--i t  produces one-  
third m o r e  fabr ic  with the s a m e  number  of ope ra to r s .  Moreover ,  
the ElectroKnit-48 pat tern can be changed in hours  ins tead of the 
days that it takes with a mechanical  unit--a key competitive fac tor  in 
the volati le world of fashion. Marketing d i rec tor  Walter H. Imboden 
has s ta ted that seven of the ElectroKnit-48 units a r e  working in U.  S. 
mil ls  and 125 m o r e  will he shipped by year -end ,  including 20 to 
Italian mi l l s .  Still ,  this only sc ra t ches  the sur face ;  in the U.S. a lone,  
16,000 to 18,000 double-knit machines  a r e  producing 500 million pounds 
of f ab r i c  a yea r .  Yet, even such a compet i tor  a s  the Singer Company 
ca l l s  the ElectroKnit  machine "the wave of the future"  (Business  Week, 
September 9 ,  1972). 
In response  to the third intent of the NAR technology t ransfer  
p rogram,  the m a i n f o c u s  i s  on using people a s  t ransfer  agents .  F o r  
example,  a group of engineers  f r o m  the Space Division conducted an 
extensive s t r e s s  analysis  on a n  automotive b rake  d r u m  which i s  being 
designed and fabr icated by the Automotive Group of NAR. In such 
cases  the interaction m a y  be sho r t  t e r m  o r ,  eventually, lead to a 
permanent  ass ignment  of ae rospace  engineers  in the commerc i a l  
division (Goldstone, 1972). 
Bendix Corporation.  The p r i m a r y  goal of the technology 
t ransfer  p r o g r a m  a t  Bendix i s  to t u rn  ae rospace  r e s e a r c h  and dev- 
elopment capabil i t ies into a n  ave rage  of one,  viable new business  a 
year .  To help accomplish this ,  Bendix established i t s  Advanced 
Products  Division (APD) in June  1969. The technology t r ans fe r  p ro -  
g r a m  a t  Bendix builds on yea r s  of exper ience in  ae rospace  hardware 
development, including mul t i spec t ra l  s canne r s ,  pa t te rn  recognition 
equipment, photointerpreters ,  and a host  of control  sys t ems  fo r  the 
S a t u r n / ~ ~ o l l o  vehicle and ground support  faci l i t ies .  The introduction 
of three 
APD's  a 
new p rog rams  over  the p a s t  t h r ee  y e a r s  has  demonstrated 
.bility to m e e t  the goal es tabl ished by the company. 
The f i r s t  p ro jec t  to b e  launched, which coincided with the 
format ion of Bendix's  fo rma l  technology t r ans fe r  organization,  was 
in computer g raphics .  Specifically, Bendix selected the a r e a  of man-  
computer interface equipment,  a n  a r e a  they believed would have a 
growth r a t e  even higher than that  for  computers .  It includes var ious  
types of e lectronic  d ig i t i ze rs ,  p lo t te rs ,  computer output microf i lm,  
automated design sys t ems  and r e l a t ed  software.  The ta rge t  m a r k e t  
segments  for  this  line of products  include engineering and scientific 
graphic digitizing, automated design,  numer i ca l  control  tape p rep -  
a ra t ion ,  automated manufacturing and inspection, photogrammetry 
and e a r t h  r e s o u r c e s  mapping applications,  and genera l  purpose 
graphic input t e rmina l s  for  var ious  types of computers .  
The second technological concept that Bendix launched a s  a 
commerc i a l  venture  was pa t te rn  recognition. The company, a s  
p a r t  of i t s  ae rospace  r e s e a r c h  and development, had achieved a 
leading capabil i ty in applying this technology to the processing of 
pic tor ia l  pat terns  f r o m  a e r i a l  photographs,  a s  well a s  nonpictorial 
pa t te rns  such a s  those f r o m  sonar  s ignals  and automotive diagnostic 
signals.  The par t icu la r  technical  a r e a s  Bendix i s  in terested in in- 
clude l a se r  opt ics ,  acoust ic  holography, and computerized control  
and information processing.  Bendix f o r e s e e s  viable commerc ia l  
m a r k e t s  for the technology in  opt ical  defect  recognition and fault  
diagnosis for  both a i r c r a f t  and automobiles.  
P a t t e r n  recognition technology also shows high potential for  
fur ther  automation of manufacturing,  warehousing, and other act ivi t ies  
involving sor t ing sys t ems .  F o r  example,  Bendix developed a label  
r e a d e r  which has  been added to i t s  basic  line of recognition sys t ems .  
Recently,  i t  received a $200,000  o r d e r  for  label r e a d e r s  to be used 
in an  automated warehouse.  The unit will  be able  to r e a d  digital 
labels  a t  any angle and i s  compatible with a l l  digital computers .  
The company s e e s  a ma jo r  growth marke t  in equipment and 
techniques dealing with the interface of "the analog world with digital 
computers ,  " according to C. B. Sung, vice pres ident  and group ex-  
ecutive of Bendix's  Advanced Technology Group which i s  responsible  
for  the Advanced Products  Division. In  line with this philosophy, 
the company's thi rd  technology t r ans fe r  venture  was launched through 
the acquisition of a sma l l  Boston-based company that had developed 
a concept for  a portable computer  t e rmina l .  Bendix t r ans fe r r ed  the 
company to Southfield, Michigan and renamed i t  the Bendix Interact ive 
Termina ls  Corporation. I t s  or iginal  product line was expanded, and 
the company i s  now bringing out a second generation of portable com-  
puter t e rmina ls .  Entering i t s  second yea r ,  the new company i s  e i ther  
on o r  ahead of schedule i n  meeting A P D  profile miles tones ,  according 
to Vance R. Klos te r ,  genera l  manager  of the Advanced Products  
Division (Yaffee, F e b r u a r y  14, 1972). 
At  Bendix the t r ans fe r  of management  personnel  i s ,  in many 
cases ,  a s  important  a s  the t ransfer  of technology o r  a product i tse l f .  
In each of the above examples  the ae rospace  p rog ram manager  s e r v e s  
a s  the cha i rman of the new business  planning team,  which includes 
special is ts  in market ing,  r e s e a r c h ,  finance, planning, law, production 
and commerc i a l  development. 
In other  c a s e s  the technology o r  technical capability i s  the 
p r i m a r y  focus. F o r  example,  Bendix's hybrid computer simulation 
of complex control  sys t ems  developed originally for NASA's AAP and 
Skylab P r o g r a m s  was ins t rumenta l  in  the development of electronic 
fuel  i n j e c t ~ o n  f o r  automotive engines (Blumenthal, 1972). Electronic  
fuel injection el iminates  the ca rbu re to r ,  cuts harmful  emiss ions  and 
inc reases  engine efficiency. A s imple ,  computer- l ike  control ler  
moni tors  combustion tempera ture  and p r e s s u r e ,  engine speed, and 
a i r  flow, then p r e s c r i b e s  a p r e c i s e  amount of fuel for  each cylinder.  
The 1972 Volkswagen sedan and squareback models a l ready  have 
electronic  fuel  injection sys t ems  developed by Bendix, and company 
officials feel  that U .  S. auto m a k e r s  will ins ta l l  these sys tems  on 
their  1974 c a r s  (Business  Week, December  9, 1972). 
TRW, Incorporated.  The complexity, s i ze ,  and urgency of 
the ball ist ic mi s s i l e  effor t  forced the o rde red  application of what i s  
mos t  often cal led sys tems  engineering.  Systems engineering--and 
many of the people practicing i t - -was substantially advanced by manned 
and unmanned spacecraf t  p ro jec t s .  Rather  than a single discipline,  
sys t ems  engineering i s  actual ly  the synergis t ic  combination of many 
disciplines.  More  than that, i t  is a s t a t e  of mind o r  a thought p roces s  
which causes  people to view a complex problem a s  a s e r i e s  of s m a l l e r ,  
solvable problems,  each interconnected and in te r re la ted  so that the 
solution of one impacts  on the solution of another.  
Some of the s ame  people a t  TRW who applied the sys t ems  
approach to aerospace  and defense problems a r e  now helping to solve 
problems of a different na ture- -e lec t r ic  power networks,  production 
p roces ses ,  land use planning and t ransporta t ion.  Since 1970, 25 com-  
puter exper t s  f r o m  TRW Systems have been under subcontract  to 
TRW Controls,  a major  producer  of automatic  computer cont ro ls ,  to 
develop r ea l - t ime  programs f o r  e lec t r ic  power dispatch computers .  
One specialized program,  the TRW Executive p rog ram,  was adapted 
f r o m  the Apollo Guidance Computer Sys tem and i s  now standard in 
the company's l a rge r  monitoring and control  sys t ems .  The f i r s t  of 
these sys t ems  was installed for  the Genera l  Public Utilities Corporation,  
which s e r v e s  1, 300,000 res ident ia l ,  commerc i a l ,  and industr ia l  
cus tomers  in  a 25,000-square mi le  a r e a  in Pennsylvania and New 
J e r s e y .  Three  m o r e  of the sys t ems  have been installed o r  a r e  on 
o r d e r ,  including one fo r  the Bonneville Power Administration to con- 
t ro l  the F e d e r a l  Columbia River  Power System.  
Another way that TRW has been able to capitalize on i t s  NASA 
experience i s  by improving industr ia l  production p r o c e s s e s .  F o r  
ins tance,  the production of turbine blades f o r  l a rge  a i r c r a f t  engines 
had been considered a hlack magic  a r t .  In spi tc  =f l a rge - sca l e  p ro -  
duction runs ,  the blades s t i l l  r equ i r ed  many hand operat ions .  By 
adapting both the sensing techniques developed for  sate l l i tes  and in- 
s t rumentat ion for  measuring p r e c i s e  contours ,  turbine blade p ro -  
duction a t  TRW i s  now m o r e  automated.  In fac t ,  blades a r e  now p ro -  
duced and shipped in broad functional ca tegro ies  ins tead of the f o r m e r  
noninterchangeable engine s e t s .  
In another industr ia l  example,  the quality control  of automotive 
s teer ing  pumps was substantially improved when space age  technology 
was used to design an  end-of-the-line analog computer  that s imulated 
the ac tua l  s teer ing pump environment.  When p rope r ly  programmed,  
the computer "told" the final inspector exactly how the pump would 
pe r fo rm when installed on an automobile in a f ract ion of the t ime 
previously expended (Lundy, 1972). 
The Ontario Province  in Canada i s  concerned that the na tura l  
migration of people and industry  into the region between Toronto and 
Detroit  be o r d e r l y  and well-planned. With the help of TRW Systems 
technology, i t  i s  planning i t s  future  and setting goals for  the kind of 
urban and suburban a r e a s  i t  wants. A 3,000-acre  "land bank" has  
been designated a s  the s i te  for  a model  r u r a l  ci ty.  TRW i s  per forming  
an objective analysis  of the r e s o u r c e s ,  needs,  and potentials of the 
a r e a  and will propose recommendat ions  to support  total development 
for the region (Rosen, 1972). 
The applicabil i ty of sys t ems  technology to transportation p ro  - 
blems i s  i l lus t ra ted in TRW's study of the high-speed ground t r a n s -  
portation s y s t e m  between Washington and Boston. Not only does this 
study provide answers  about the rapid flow of people and products over  
this co r r ido r ,  but i t  a l so  s c r v e s  a s  a model f o r  other high density 
transportation c o r r i d o r s  throughout the world. TRW Sys tem ' s  tech-  
nology has  a l so  been d i rec ted  to the problem of a c c e s s  to a i rpo r t s .  
In studying Kennedy International,  a l l  a r t e r i e s - - roadway  and ra i l road- .  
were  considered a s  potential  candidates  for moving people, baggage, 
and products betwccn thc a i r p o r t  and surrounding communit ies .  Ken- 
nedy posed a unique p rob lem i n  that the a i r  t e rmina l  was a l ready  
established and facing an uncontrollable expansion problem. TRW 
recommended the a c c e s s  s y s t e m  that o f f e red  the bes t  per formance  
and the m o s t  benefits .  
In some of these c a s e s ,  the importance of sys t ems  engineering 
has been proven;  in o the r s ,  t ime  will bct ter  judge the value of the 
sys tems  approach.  Yet, in a l l  c a s e s ,  methods of analysis  which 
were  unavailable only a few s h o r t  y e a r s  ago have been cal led upon to 
a s s i s t  in the solution of ex t r eme ly  difficult problems.  
Perspec t ive .  Thc re  can be l i t t le  doubt that ae rospace  con- 
t r ac to r s  a r e  capitalizing on their  NASA experience;  the myr iad  of 
examples in this scctlon have supported this belief. I t  s e e m s  r eason-  
able,  however, to question whether o r  not these examples r e p r e s e n t  
"accidents of t r a n s f ~ r "  o r  i f  they a r e  well-founded and can expect to 
continue, perhaps even on a l a r g e r  s ca l e .  An absolute answer ,  of 
course ,  can only he provided in t ime.  The underpinning ra t ionale  
for  the contractor  act ivi t ies  i l lus t ra ted  in this section i s  that var ious  
product l ines within a f i rm r e l y  upon a common technological base.  
Thus,  when a venturesome p r o g r a m  such a s  the space p rog ram ca l l s  
into being expanded technical capabil i t ies,  o ther  product l ines shar ing 
the technology a l so  advance. The ult imate benef ic iary i s  the con- 
s u m e r ,  whether  h e  i s  another industr ia l  f i r m  o r  a pr ivate  individual. 
MODE 11: The genera l  improvement  of industr ia l  
production prac t ice  and product quality 
through NASA-initiated specifications and 
s tandards  f o r  space  p r o g r a m  hardware  
procurement .  
In space  you don't  often ge t  a second chance! This f a c t  has  
led to NASA's ins is tence on the highest  re l iabi l i ty  and quality assurance 
for space p r o g r a m  hardware .  E v e r y  assembly ,  component, and pa r t  
mus t  be proven re l iab le ;  no marg in  of e r r o r  can  be permit ted where 
l ives can be endangered o r  where  the fa i lu re  of a single p a r t  can 
easi ly  abo r t  a n  en t i re  miss ion  worth mill ions of do l la rs  in equipment 
and preparat ion.  Manned spaceflight c rea ted  new and m o r e  exact  
quality a s su rance  methods,  init iated new procedures  to identify 
potential trouble spots ,  and improved manufacturing p r o c e s s e s  that 
culminate in near  f lawless  products.  The manufacturing sec tor  has 
capitalized on  these gains b y  applying them in nonaerospace production 
activity. 
Several  developments in re l iabi l i ty  and quality a s su rance  a r e  
presented to i l lus t ra te  some  of the ways that  production prac t ices  have 
been improved through indus t ry ' s  part icipation in ae rospace  manufacture.  
Certif ied production line. In 1964 NASA initiated i t s  m i c r o -  
e lectronics  re l iabi l i ty  p r o g r a m  to promote  solutions to a var ie ty  of 
problems inherent  in  miniaturizing electronic  sys t ems .  A NASA 
steer ing commit tee  es tabl ished procurement  s tandards  f o r  mic ro -  
electronic products and conceived a re l iabi l i ty  p r o g r a m  to a s s u r e  that 
manufacturing prac t ice  was the b e s t  available.  
This p r o g r a m  was based on a concept novel to the space  p rog ram- -  
the concept of product l ine cert if ication.  NASA concluded that  i t  was 
unnecessary  and too r e s t r i c t i ve  to d i r ec t  cont rac tors  in how to design 
manufacturing p r o c e s s e s  and build c i r cu i t s ,  a s  well  a s  to p e r f o r m  
qualification tes t s  on e v e r y  portion of their  manufacturing l ine.  In- 
s tead,  NASA requi red  that the cont rac tor  es tabl ish methods assur ing  
proper  control  and evaluation of i t s  manufacturing p roces ses .  A 
NASA t e a m  then inspects  the cont rac tor ' s  manufacturing l ine and, i f  
sat isfied that  the con t r ac to r ' s  control/evaluation sys t ems  a r e  adequate, 
the t eam cer t i f ies  the l ine for  the the NASA procurement .  During 
s i te  v i s i t s  leading to cer t i f icat ion,  the NASA team reviews the man-  
ufac turer ' s  production methods,  p rocurement  specifications,  vendor 
grading sys t em and receiving inspection procedure.  Also during 
such v is i t s ,  the NASA team often helps improve the manufac turer ' s  
p rocesses  and controls  by providing advice on nonproprietary methods 
used elsewhere,  based on broad experience with many p rocesses  and 
types of equipment der ived f r o m  hundreds of s imi l a r  inspections. 
To help cont rac tors  implement  the product line certif ication 
concept, NASA establ ished environmental  and functional t e s t  methods 
for microc i rcu i t s .  The Department  of Defense la te r  adopted the 
concept and worked with NASA to develop a s e r i e s  of joint s tandards 
which apply to cont rac tors  manufacturing microelectronic  sys tems 
for space and defense use.  
NASA could have chosen to specify that contractors  establish 
a special ,  high rel iabi l i ty  production line for the manufacture of space 
p r o g r a m  microe lec t ronics .  The "captive line" approach might have 
provided acceptable products m o r e  quickly b y  permitting concentration 
of p remium production faci l i t ies ,  but i t  a lso would have significantly 
increased  NASA's cos ts  because of the general ly  low production mlume 
of NASA procurements .  Instead,  the Agency encouraged implementation 
of high rel iabi l i ty  p rocesses  on the cont rac tors '  s tandard production 
l ines.  By doing so ,  the spil lover of microelectronic  technology to 
commerc ia l  products has  been dramat ica l ly  st imulated.  Even where 
a production line m a y  be producing television components,  and s t r i c t  
NASA rel iabi l i ty  s tandards a r e  not essent ia l ,  the tighter quality con- 
t ro l s  provide a higher yield of acceptable microc i rcu i t s .  In an in- 
dus t ry  where a yield increase  of one o r  two percent  i s  ex t remely  
valuable, one manufacturer  ob ta ined  a 20 percent  yield improvement  
af ter  certif ication (Hamiter ,  1972). 
A scient is t  a t  NASA's Marsha l l  Space Flight Center pointed out 
s eve ra l  r easons  for the success  of the microe lec t ronic  reliabil i ty 
p r o g r a m  in st imulating contractor  innovation. Dr.  A. M. Holladay 
stated NASA's purpose to be "to a s s u r e  that the manufacturing process  
i s  under control ,  but not to te l l  the manufacturer  how to produce nor 
which p rocess  to use.  " He added that  companies a r e  urged to in- 
troduce new methods i f  they a r e  be t te r  and a r e  under control.  In 
this way, the certif ication p r o g r a m  does not st if le innovation (Holladay, 
1972). 
Scanning Electron Microscope (SEM). During r e s e a r c h  on 
miniaturization of electronic c i rcu i t s ,  sc ient is ts  a t  the Marsha l l  
Space Flight Center searched  for some way to obtain visual inspection 
of the extremely tiny microc i rcu i t  components. Submicroscopic 
defects caused by chemical impuri t ies  o r  mechanical s t ra in  were  
suspected to cause microc i rcu i t  fa i lure ,  yet the inability to observe 
such defects made  cor rec t ive  action difficult. 
To solve this problem, NASA procured a scanning electron 
microscope (SEM). This device, which was only the second unit ever  
built, provided c lear  , detailed photographs with magnifications up to 
5 , 0 0 0  t imes actual  s ize.  The perspective provided by the ex t reme 
depth of field makes  the SEM uniquely valuable f o r  inspecting mic ro -  
c ircui ts .  The instrument  has  an abili ty to look below-surface for  
defects a t  the active junctions. The SEM also can be used to analyze 
chemical e lements ,  a function analogous to that of a m a s s  spec t rometer .  
NASA has used the SEM to identify s t ruc tura l  and metal lurgical  
causes of fai lure  in microc i rcu i t  components. The r e su l t s  of SEM 
examination a r e  passed along to manufacturers  in the f o r m  of fai lure  
analysis  r epor t s  i l lustrating causes  of fai lure  and indicating the pro-  
duction s teps  a t  fault. The use of the SEM by NASA has had two 
significant effects on industr ia l  pract ices:  i t  has  encouraged man- 
ufacturers  to improve their  manufacturing p rocesses ,  and i t  has 
stimulated the widespread use of scanning electron microscopes by 
microc i rcu i t  manufac turers .  Over 400 SEM's were  in use in the 
United States  by 1971 (Holladay, 1972). 
Among the microc i rcu i t  manufacturing process  improvements 
stemming f r o m  SEM r e s e a r c h  by NASA a r e  the use of passivated 
layers  to insulate conductive s t r ip s ,  the use of noble metals  and gold 
beam leads to reduce electromechanical  fatigue fa i lures ,  and the 
requirement  for temperature-cycl ing s t r e s s  tes t s  to r igorously 
check completed c i rcu i t s .  The r e su l t s  of such improvements have 
included a valuable inc rease  in  production yield and longer expected 
serv ice  l ife of commerc ia l  e lectronic  products.  
Texas Instruments  (TI), a ma jo r  semiconductor manufacturer ,  
has  a cer t i f ied production line and three  SEM's.  F r o m  TI'S perspec-  
tive, production line certification by NASA i s  valuable because an in- 
dependent evaluation of their  production methods contributes in many 
ways to a general  upgrading of pract ice.  Operation of the certified 
line s e r v e s  fur ther  to enhance attention to detai l  and discipline. All 
integrated c i rcu i t  production benefits f r o m  the certified line in that 
the front-end work for  a l l  integrated c i rcu i t s  is accomplished accord-  
ing to NASA standards.  Assembly operations a r e  separate  for NASA 
productions, but the front-end improvements c a r r y  through to a l l  of 
the l ines.  In addition, some learning c a r r i e s  over  into many other 
a r e a s ;  for  example,  gains in knowledge of field effects that occur on 
the NASA line would be t ransfer red  to any other  line where the infor- 
mation i s  pertinent.  
TI'S scanning electron m i c r o s c o p e s a r e  used fo r  quality 
assurance ,  fa i lure  analysis  and r e s e a r c h .  Two a r e  employed for 
in-process  inspections and routine monitoring of front-end work. 
P r o c e s s  control and lot acceptance inspections requi re  the use of an 
SEM, and TI  hopes to expand their  routine use into the assembly  step. 
The p r i m a r y  values of the SEM a r e  that i t  pe rmi t s  inspection techniques 
that a r e  not otherwise possible,  and i t  saves  t ime. Using an  SEM for 
fai lure  analysis  of an MOS device reduces  analysis  t ime by about half, 
a s  compared with probing methods previously used (Adams, 1972). 
Fa i lure  analysis  / A ~ ~ ~ ~ ~ / G I D E P .  Beyond the requirement  that 
faulty pa r t s  be  eliminated f r o m  i t s  equipment, NASA operates  under 
the philosophy that a failed p a r t  mus t  be  considered extremely valuable 
because i t  r ep resen t s  an  opportunity to pe r fo rm a thorough analysis  of 
the causes  of i ts  fa i lure .  The learning that follows f r o m  a fai lure  
analysis  often induces significant advances in both design and manufac- 
turing. One p r i m a r y  goal of fai lure  analysis  i s  to identify the causes  
, of fai lure  in a way that permi ts  cor rec t ive  action. 
Step-by-step procedures  move the fai lure  analyst  to finer 
levels of discrimination, f r o m  general  screening t e s t s  to dissection 
to spectrographic analysis  of ma te r i a l s  used in an i tem. F o r  example,  
a fai lure  analysis of a shorted capacitor would begin with visual exam- 
ination fo r  external  damage and proceed to radiographic inspection. 
Elec t r ica l  measurements  (e. g . .  capacitance, dissipation factor ,  dc 
leakage, and insulation res i s tance)  would provide clues to the cause 
of the problem; and, perhaps,  baking, tempera ture  cycling, o r  vi-  
bration t e s t s  would be undertaken to confirm the evidence. The unit 's  
encapsulant might then be removed, with s t r i c t  c a r e  to avoid new 
damage that could prevent conclusive findings concerning i t s  or iginal  
fa i lure .  Dissection by grinding in  sma l l  increments  might revea l  the 
fa i lure  mechanism, o r  i t  could be necessa ry  to pe r fo rm spectrographic 
mater ia l s  analysis  to discover foreign mater ia l .  Knowledge of man-  
ufacturing p rocesses  fo r  an i t e m  i s  essent ia l  fo r  the analyst  because 
the c r i t ica l  manufacturing s teps m a y  have been inadequately controlled. 
One aspec t  of NASA's fa i lu re  analysis  act ivi t ies  i s  their  scope 
and depth. While many  manufac turers  p e r f o r m  fa i lu re  ana lys i s ,  few 
a r e  in a position o r  have the incentive to evaluate thousands of m a t e r i a l s  
and components thoroughly. The shee r  sca le  of NASA's operat ion and 
the absolute necess i ty  of max imum rel iabi l i ty  provided the environment 
and motivation to per fec t  techniques of fa i lure  analysis  and to apply 
them universally.  In addition, while a single manufacturer  m a y  have 
g rea t  exper t ise  in a specific kind of fa i lu re  analysis ,  he has  no com-  
pelling reason  to s h a r e  that  knowledge with o thers .  NASA, on the 
other hand, has  published a compendium of comprehensive fa i lu re  
analysis  p rocedures  and recommendat ions  for  u se  in industry  (Lock- 
heed Miss i les  & Space Company, NASA CR-114391, 1972). 
Although p a r t  f a i l u re s  a r e  re la t ively r a r e  occu r rences ,  a 
fa i lu re  analysis  that d i sc loses  a faulty manufacturing p roces s  o r  
design specification impl ica tes  a whole production run  o r  even an  
en t i re  product line. Because of the possibil i ty that s imi l a r  units m a y  
fai l ,  i f  one fa i l s ,  NASA implemented a warning sys t em in 1964 to 
inform a l l  NASA stat ions  and cont rac tors  of the existence and na ture  
of component defects .  Called the A le r t  Reporting System,  i t  obligates 
a l l  NASA installat ions to r e p o r t  "failure,  malfunction, o r  unexpected 
deter iorat ion (degradation o r  contamination)" of any p a r t  o r  m a t e r i a l  
"during any phase of i t s  l i fe  cycle .  " Such r epo r t s  a r e  then widely 
disseminated to con t r ac to r s  in  o r d e r  to avoid o r  minimize the r e -  
cu r r ence  of the problems and to general ly  improve equipment re l iab i l -  
ity. 
Reception of a n  Aler t  obligates procurement  off icers ,  design 
engineering officals,  p ro jec t  manage r s ,  and reliabil i ty,  safety,  and 
quality a s su rance  d i r e c t o r s ,  a s  well  a s  other  appropria te  officials,  
to de te rmine  the applicabil i ty of the A le r t  to their  a r e a s  of r e spons -  
ibility and to prevent  fu r the r  use  of a suspec t  i t em until the problem 
i s  cor rec ted .  Appropria te  co r r ec t ive  action m a y  lead to subsequent 
amendment  of the A le r t  to indicate the conditions under which the 
i t em may  again be acceptable  for  use .  Examples  of the kinds of 
impact  that follow f r o m  fa i lu re  ana lys i s  and the issuance of an  Ale r t  
will help c l a r i fy  the manne r  in which these activit ies contribute to 
advancing industr ia l  competence and product reliabil i ty.  
In 1969, a ma jo r  semiconductor manufacturer was notified 
that an  Aler t  was forthcoming and cer tain faulty semiconductors were  
being returned.  Fa i lure  analysis had disclosed the presence of nickel 
. 
par t ic les  inside the protective me ta l  case .  Following issuance of the 
Aler t ,  the semiconductor manufacturer  conducted a worldwide sea rch  
fo r  a manufacturer  who would cooperate in devising bet ter  c a s e  man- 
ufacturing methods.  In addition, the firm further  improved i t s  own 
case  preparat ion procedures  by implementing an  automated chemical,  
mechanical,  and solvent r in se  cleaning process .  Beyond these measures ,  
the company added another process  s tep into i t s  semiconductor pro - 
duction: passivation of the ent i re  die surface.  This process  yields 
a minute glass- l ike coating over  the surface to insulate effectively 
the conductive elements  f r o m  any contamination inside the case .  
The added s teps  of depositing the coating and opening holes for ex te r -  
nal leads were  expensive, possibly increasing production costs  by 
eight to fo r ty  percent ,  depending on the i tem. Nonetheless, the gain 
in rel iabi l i ty  was deemed m o r e  important that the cost  increment ,  
and the passivation process  was implemented for most  of the f i r m ' s  
output of seve ra l  mill ion i t ems  per  day for  commerc ia l  a s  well a s  
government m a r k e t s .  
An additional positive value for the semiconductor f i r m ,  a s  
observed by the quality and rel iabi l i ty  assurance  manager ,  was that 
his management became m o r e  sensit ive to the need for in-house 
rel iabi l i ty  testing. In the semiconductor industry f i r m s  tend to r e l y  
on cus tomer  feedback to identify reliabili ty problems,  i f  only because 
of the imp0 s sibil i ty of obtaining exhaustive in-house reliabili ty data 
for a l l  units under a l l  combinations of use conditions. Even 100 p e r -  
cent in-c i rcu i t  testing i s  only a simulation of actual  operation by 
cus tomers ,  each of whom probably use a given component in  a r e l -  
atively unique environment. The Aler t  System demonstrated that 
thorough and competent fai lure  analysis ,  conducted in-house, could 
inc rease  product reliabili ty independent of the consumer application 
(Straley, 1972). 
Another company, Tr iad ,  Incorporated, introduced a new line 
of miniature t r ans fo rmers  in 1963. Some of the t r ans fo rmers  were  
manufactured for  the space program,  the r e s t  fo r  a ma jo r ,  original 
equipment manufacturer .  While in-house design evaluations had 
indicated the possibil i ty of trouble with the d i r ec t  connection of a 
fine winding wire  (#50)  to a heavy external  lead wire ,  the equipment 
manufacturer  was reluctant  to consider any design changes without 
s o m e  f i r m  evidence of actual  fa i lure .  When some  of the e a r l y  p ro -  
duction units reached  the Je t  Propuls ion Laboratory,  thermal  cycling 
was found to cause  the fine w i re  to s epa ra t e  a t  the ex te rna l  lead con- 
nection. A le r t  R-2-65  was  i s sued ,  resul t ing in  an  immediate  s c r a p -  
ping of a l l  units produced before  January  1964. T r i ad  then incorporated 
an intermediate  gauge wi re  lead  in a l l  of i t s  min ia ture  t r ans fo rmer  
product l ines  (Wexler,  1972). 
In o r d e r  to extend the c i rculat ion of information regarding 
causes of product f a i l u re s  so that  industr ia l  p rac t ice  general ly  might 
be upgraded, NASA, in 1968, joined with other government agencies  
and cont rac tors  to es tab l i sh  the Government-Industry Data Exchange 
P r o g r a m  (GIDEP). GIDEP now includes a s  par t ic ipants  the th ree  
mi l i t a ry  s e r v i c e s ,  NASA, the Canadian Mil i tary Electronics  Standards 
Agency, and m o r e  than 300 other  government agencies ,  cont rac tors ,  
and ins t rument  manufac tu re r s ,  a l l  of whom generate  and use GIDEP 
technical documentation. 
The p r i m a r y  objective of GIDEP i s  to minimize cos t s  while 
improving re l iabi l i ty ,  pa r t i cu l a r ly  in  m a t t e r s  involving testing and 
rel iabi l i ty  verification where  duplicated e f for t s  esca la te  cos t s  need- 
less ly .  To help in  meet ing this objective,  GIDEP adopted the NASA 
Aler t  System a s  one means  f o r  keeping m e m b e r s  in formed about 
c r i t i ca l  quality problems.  GIDEP's  function, however,  i s  b roader  
than that of the A le r t  System.  A le r t s  a r e  p r imar i ly  concerned with 
removing and preventing problems rela t ing to faulty p a r t s  and m a t e r i a l s ,  
while GIDEP's  information base  a l so  cove r s  p a r t s ,  m a t e r i a l s ,  man-  
ufacturing p r o c e s s e s ,  cal ibrat ion procedures  and technical  t e s t  data.  
In addition GIDEP m a k e s  available a var ie ty  of genera l  technical  r e -  
por ts  in  these a r e a s .  More  than 35,000 technical  r epo r t s  and 15,000 
calibration procedures  a r e  in  the sys t em,  and m o r e  than 4,000 a r e  
added each yea r .  Since 1960, this s y s t e m  has provided savings of 
m o r e  than $30 mill ion to i t s  par t ic ipants .  
GIDEP's  T e s t  Equipment  Calibration P rocedures  Interchange 
P r o g r a m  has  upgraded the genera l  l eve l  of equipment cal ibrat ion 
methods and i s  becoming a sou rce  of standardization of these p ro -  
cedures .  Hewlet t -Packard rout inely uses  the p r o g r a m  to formulate  
the calibration procedures  sen t  out with i t s  ins t ruments .  In addition, 
the company recent ly  der ived  a significant benefit f r o m  the p r o g r a m  
when the U. S. Marine Corps reques ted  bids for  p repar ing  a s e t  of 
computer p rog rams  f o r  automated ins t rument  cal ibrat ion.  Some 
80 instruments  were  involved, many not made  by  Hewlett-Packard, 
and the calibrations had to conform to mi l i ta ry  s tandards and p ro -  
cedures .  Hewlett-Packard had the required information instantly 
a t  hand in i t s  GIDEP file and was able to submit  a winning bid. If the 
company had not had the procedures  in i t s  f i les  i t  could have taken 
easi ly  two months to locate them, and i t  would then have been too late 
to even submit  a bid (Littlefield, 1972). 
NASA soldering standards.  During the e a r l y  yea r s  of the space 
program,  NASA recognized that reliabili ty of spacecraf t  and related 
electronic equipment was heavily dependent on the skill  of persons 
soldering e l ec t r i ca l  connections. Each of the many e lec t r ica l  con- 
nections in spacecraf t  must  withstand r igorous environmental and 
vibration conditions, yet must  provide flawless e lec t r ica l  continuity 
fo r  indefinite per iods.  While some e a r l y  fa i lures  were  t raced  to 
faulty soldering techniques, weight considerations a s  well a s  r e l i -  
ability were  affected because of the vas t  quantity of e lec t r ica l  con- 
nections. I t  has  been estimated that an additional drop of solder on 
each e lec t r ica l  connection would have increased  the ~ a t u r n / ~ ~ o l l o  
weight above the c r i t i ca l  level  for achieving miss ion  objectives 
( P e r r y ,  1972). 
In 1962, NASA's Marshal l  Space Flight Center began a program 
to improve soldering workmanship s tandards among space p rogram 
contractors .  Detailed written instructions were  prepared  for con- 
t rac tor  use  and i s sued  a s  Procedure  158, Procedure  fo r  Soldering of 
Elec t r ica l  Connections (High Rel iab i l i td .  Also, NASA established 
schools fo r  training personnel in soldering techniques, f i r s t  a t  Kennedy 
Space Center and l a t e r  a t  four other cen te r s .  The Kennedy school 
trained NASA soldering inspectors  and also t rained contractor p e r -  
sonnel a s  in s t ruc to r s ,  who in turn trained contractor  employees in 
soldering techniques. Using i t s  standards of soldering, NASA would 
inspect  and cer t i fy  the quality of the contractor 's  training p rogram and 
would conduct certification t e s t s  for persons successful ly  completing 
a training program.  The soldering schools were  quite popular and 
successful  because  NASA contractors  found that soldering training 
dramatical ly  improved the reliabili ty and acceptance r a t e  of a l l  their 
manufactured equipment. Labor unions in the Cape Kennedy a r e a  
asked NASA to ove r see  their soldering schools to help their members  
qualify f o r  jobs in the space program.  Altogether, i t  i s  es t imated 
that near ly  7,000 persons  were trained in  these soldering schools,  
and an additional 50,000 persons were  trained by ins t ruc tors  who 
graduated f r o m  NASA schools.  Today, the soldering school a t  NASA's 
Ames Resea rch  Center t r a in s  young persons enrol led in the Neighbor- 
hood Youth Corps to l e a r n  an  employable ski l l .  Although other NASA 
soldering schools have been closed,  cont rac tor  schools continue to 
operate  to t ra in  s o l d e r e r s  in NASA-specified methods.  
The NASA impact  on the soldering prac t ices  of U.S. industry  
has been immense .  Almost e v e r y  company engaged in  e lectronics  
manufacture u ses  NASA-developed training instructions and NASA 
visual inspection s tandards .  In 1964, a NASA-wide s tandard f o r  
soldering w a s  i s sued  a s  NPC-200-4,  Quality Requirements  for  Hand 
Soldering of E lec t r i ca l  Connections. The NASA standards  were  
adopted by mi l i t a ry  s e rv i ces  (e .  g.  , Air  F o r c e  Training Command 
soldering manual) ,  and the text and i l lus t ra t ions  f r o m  NPC-200-4 
were  taken ve rba t im  and incorporated in the commerc ia l  s tandards  of 
manufac turers  (e. g.  , Hewlet t -Packard 's  M a n u f a c t u r i n g ~ n g i n e e r i n g  
Manual, September  1971). The c u r r e n t  NASA soldering inst ruct ions ,  
NHB 5300.4(3A)-Requirements for  Soldered E lec t r i ca l  Connections, 
were  i s sued  in  1968. 
Recognizing the value of i t s  soldering exper t i se ,  NASA issued  
a Special  Publication in 1967, entitled Soldering Elec t r ica l  Connections 
(SP-5002), that  has  become a widely used handbook. Also,  NASA has 
provided a s e r i e s  of conferences  f o r  industr ia l  a r t s  educators  on t rade 
skil ls  needed in the aerospace /e lec t ron ics  industry.  
Quality a s su rance  policy guidelines. During the 19501s,  the 
complexity of mi l i t a ry  weapons sys t ems  increased  rapidly,  and there 
was a corresponding need for  m o r e  sophisticated quality a s su rance  
guidelines. Severa l  mi l i t a ry  quality a s su rance  specifications,  such 
a s  MILQ 9858 and MILQ 21549, w e r e  i s sued  in that decade to define 
hardware-or iented quality a s su rance  p rog rams  for  mi l i t a ry  cont rac tors .  
When NASA was  fo rmed  in 1958, i t  became c l ea r  that m o r e  genera l  
quality a s s u r a n c e  specifications were  needed. The basic  NASA qual-  
ity a s su rance  publication, NPC 200-2, defining specifications for  con- 
t rac tors .  was writ ten in 1961 and published in 1962. The draf t  for  
NPC 200-2 was  reviewed by a joint commit tee  of NASA and Defense 
Department  exper t s .  Subsequently, a correspondingly genera l  mi l i t a ry  
specification, MILQ 9859A, was published in 1963. These two pub- 
l ications,  NPC 200-2 and MILQ 9858A, were  the f i r s t  gener ic ,  r a the r  
than specific,  quality control  p r o g r a m  definitions. The NASA doc- 
ument es tabl ished a policy for  quality cont ro l  which includes the 
requi rements  for  an acceptable contractor-wri t ten quality control plan 
and documentation (Weiss,  1972). The plan presents  the specifics of 
compliance, such a s  inspection procedures  and applications, sched- 
uling on a sys tems ma t r ix ,  and management of the quality program.  
The documentation includes a broad range of r e su l t s ,  such a s  weld 
X-rays ,  receiving inspection r epor t s ,  and management reviews.  
In r ecen t  yea r s ,  the design sophistication of nuclear r eac to r  
e lec t r ic  power generating plants has  rapidly evolved f r o m  100-meg- 
awatt units to the 1,000-megawatt units now in the construction stage. 
The AEC has published quality assurance  licensing requirements  to 
ensure  safety of the increasingly complex nuclear plants. P r i o r  to 
1970 the AEC requirement ,  10-CFR-50, resembled the specialized 
MILQ 9858; however, in Ju ly  of that year ,  a major  appendix was 
published. This appendix provides a quality control definition based 
on the generic approach. I t  a l so  r equ i re s  the e lec t r ic  utility to 
document the implementation of the program, a s  does NPC 200-2 
(Haywood, 1972). The Genera l  Elec t r ic  Company, for  example,  has  
converted i t s  experience in implementing NPC 200-2 a t  Cape Kennedy 
under a NASA se rv ice  contract  fo r  the Apollo p r o g r a m  to a new 
quality assurance  consulting serv ice  for  the nuclear power industry. 
Several uti l i t ies,  such a s  the Tennessee Valley Authority, Common- 
wealth Edison, and the F lor ida  Power Corporation, a r e  using the GE 
serv ice  to audit the implementation of AEC requi rements .  A spokes- 
man for  GE stated that the company's experience in managing quality 
programs -6er N P C  200-2 i s  directly applicable to managing s imi lar  
programs under the AEC specifications (Warwick, 1972). 
Perspec t ive .  Mode I1 has offered yet another perspective 
on the strong interaction that developed between NASA and i ts  con- 
t rac tors .  This section has focused on the res idual  capabili t ies 
c rea ted  within contractor  organizations a s  a r e su l t  of NASA's unique 
reliabili ty and quality a s su rance  (R&QA) requirements .  So important  
was R&QA to NASA, that formalized procedures  affecting eve ry  aspec t  
of product development were  instituted to minimize the chance of 
fai lure .  And everyone associated with the space  p rogram acquired 
a new sense of perfection, a capability that i s  being used in  many ways 
to improve nonaerospace products.  
MODE LII: Development of new process  and product 
technology by industrial  contractors  to 
promote the d i rec t  in te res t s  of aerospace 
programs,  with subsequent commerc ia l  
production occurr ing because other  marke t s  
and applications a r e  recognized. 
Sustained r e s e a r c h  programs,  such a s  fo r  quiet a i r c r a f t  
engines, gas turbine improvements,  and new and better power cycles ,  
a lso yield improvements that affect  the manufacturing sec tor .  Some 
resu l t s  of these sustained programs have a l ready passed into the 
definitions of industrial  bes t  pract ice,  such a s  acoustic nacelles fo r  
la rge  a i rc raf t .  This i s  a d i rec t  outcome of NASA r e s e a r c h  into the 
mechanisms of noise generation, which found that the dominant noise 
source during landing approach i s  the fan and compressor  blades. 
Appropriate insulation of the inlet  s t ruc tures  was found to reduce 
noise significantly under approach conditions (DOT-NASA, 1971). 
This t reatment  makes the DC-10 one of the quietest  jet a i r c ra f t  in 
serv ice ,  despite i t s  la rge  s ize.  
Many r e s e a r c h  efforts r e su l t  in  advances that a r e  direct ly  
utilized in the space program--advances that also build a foundation 
fo r  commerc ia l  products and prac t ices .  This situation i s  exemplified 
in the following examples.  
Underwater location beacon. An underwater sea rch  and 
locator sys tem,  known a s  the pinger,  consists of a smal l ,  impact 
res i s tan t  unit which activates upon immers ion  in water and begins 
emitting a periodic sonar pulse. A miss i l e ,  submarine,  mine,  o r  
any other object to which a pinger has  been attached i s  r a the r  easi ly  
tracked and located with an underwater listening device. 
The f i r s t  pinger was developed during the late 1950's a t  the 
Naval Mine Engineering Facili ty,  where the Mine Locator System 
MK1 Model 0 was built. By 1961, personnel a t  NASA's Langley Re-  
sea rch  Center had become acquainted with the Naval sys tem while 
working on new concepts in nose cone recovery  sys tems.  Liaison 
between the two agencies was effected, and the pinger was success-  
fully tested for  nose cone recovery.  In 1962 design changes were  
drawn up to ref lect  NASA specifications dealing with accelerat ion,  
vibration, shock, temperature and p r e s s u r e  environments. Then, 
in 1963, Langley was ready to award a contract  to produce pingers 
for  NASA use. The Dukane Corporation won the contract,  while Burnett  
Electronics  Laboratory was contracted to build a rece iver .  Dukane 
l a t e r  developed a rece iver  with company funds,  and Burnett  s imi lar ly  
funded the development of i t s  own pinger.  Both companies now make 
severa l  models of the pinger a s  well  a s  the receiving equipment. 
Dukane's pinger received a 1967 award f r o m  Industrial  Resea rch  
magazine a s  one of the 100 m o s t  significant new products of the year .  
Through the yea r s ,  both the range, selectivity, operating depth, and 
construction have been improved through r e s e a r c h  and specification 
efforts conducted a t  Langley. 
As e a r l y  a s  1963, the Fede ra l  Aviation Administration (FAA) 
was seeking a means  of locating a i r c ra f t  flight r eco rde r s  a f te r  a 
c r a s h  a t  sea  and made inquiries a t  Langley. Successful improvements 
in the production of the pinger eventually led to a 1971 FAA order  that 
pingers be  attached to flight r e c o r d e r s  of cer ta in  a i r c ra f t  by March  
1974. Commercial  a i r l ines  a r e  now installing pingers on a scheduled 
basis ,  and all NASA and FAA a i r c r a f t  now c a r r y  pingers.  The U. S. 
Navy, which has  saved more  than $1,500,000 by recovering lost  tes t  
torpedos equipped with pingers ,  has  commissioned the development 
of a special  configuration for  use on submarines.  Other uses  include 
offshore o i l  exploration activit ies,  oceanographic r e sea rch ,  deep s e a  
salvage operations,  and the Concorde SST (Lyon, 1972). 
To capitalize on the capabilities acquired during development 
of the pinger, Dukane assigned staff engineers who were  involved in 
-- 
the development of the pinger to i t s  Ultrasonics Division, where they 
have now developed a commerc ia l  line of power ultrasonics equipment 
and leak detectors .  Gas leaks,  hydraulic bypass,  and bearing wear 
can be detected with these new products (Lyon, 1972). Similarly,  
Burnett  adapted i ts  rece iver  for  use a s  a leak detector.  Here,  the 
configuration of the leak detector is smal le r  than the NASA rece iver  
and does not incorporate  the impact res i s tan t  features;  however, the 
same  internal  c i rcu i t ry  is used (Burnett, 1972). 
Corrosion res i s tan t  paint. A m o r e  mundane, but cost ly ,prob-  
l e m  confronted NASA a t  Kennedy Space Center because this e a s t  coas t  
region has one of the mos t  cor ros ive  environments in the United States. 
There  i s  a constant maintenance problem on buildings and equipment 
and a continual threat  of cor ros ion  fai lure  of the numerous high p r e s -  
s u r e  l ines  which f o r m  a network through Kennedy. There has  been 
substantial corrosion of the s ta in less  s tee l  pipes and fittings of the 
high p r e s s u r e  l ines ,  a s  well a s  numerous fa i lures  of the s tainless  
s teel  bellows used in insulation jackets for cryogenic l ines.  
To combat this ever -present  cor ros ion  threat ,  Kennedy's 
Materials Testing Branch conducted an  extensive paint r e s e a r c h  p ro -  
g r a m  that has  broadly influenced cor ros ion  protection pract ices .  In 
1960 the Mater ials  Testing Branch began investigating the potential of 
zinc - r ich  paints. After init ial  testing proved promising, the paint 
industry responded to NASA's reques ts  by producing various zinc-  
r ich  paints. 
About 1970, the Mater ials  Testing Branch announced in - Com-
m e r c e  Business Daily that i t  would t e s t  a l l  types and brands of zinc- 
r i ch  paint for corrosion res i s tance  and publish the resu l t s .  Accord- 
ingly, an extensive tes t  p rogram was initiated and has  been continued, 
with resu l t s  being published in NASA Technical Notes and in such 
scientific publications a s  the!Metals Handbook of the American Society 
of Metals. All tes t  resu l t s  a r e  also disseminated to industry and 
government through the GIDEP sys tem.  In addition, the Mater ials  
Testing Branch has published a specification, KSC SPEC F-0020, for  
zinc-rich coatings based on t e s t  experience and a qualified products 
l i s t  to help u s e r s  locate sources  of acceptable coatings. The Flor ida  
State Road Department i s  one agency which has  solicited Kennedy's 
advice on z inc- r ich  coatings. 
During the Kennedy r e s e a r c h  program,  the Mater ials  Testing 
Branch developed a concept fo r  a new corrosion res i s tan t  coating--a 
nitri le rubber sp ray  coating filled with aluminum powder. The B. F. 
Goodrich Company formulated a t e s t  ma te r i a l ,  known a s  0-139-AR-7, 
based on this concept. Although Goodrich i s  s t i l l  conducting fur ther  
development tes t s ,  the company i s  cur rent ly  marketing the AR-7 
mater ia l  under the name "Aerocoat AR-7. " I t  i s  being used in high 
corrosion environments for  prototype applications on offshore oi l  r i g s ,  
highway guard r a i l s ,  and automobiles a s  an  undercoating (Dixon, 1972). 
Pavement grooving. A p rocess  development having grea t  
significance in t e r m s  of reduced proper ty  damage and personal  safety 
i s  pavement grooving. Beginning in 1954, NASA launched a continuing 
se r i e s  of studies on the phenomenon of t i r e  hydroplaning on wet 
surfaces.  At various t imes  the cooperation of the Br i t i sh  government 
and the FAA added new dimensions to the r e sea rch ,  so that by 1968 
NASA's init ial  basic  documentation evolved to a comprehensive under- 
standing of the problem and i t s  solutions. The m o s t  promising appli- 
cation i s  to cut grooves in highways and runways, allowing water to 
run  off the sur face  and increased  t i r e  traction. Optimum configu- 
rat ions f o r  the grooves have been determined in experiments a t  NASA's 
Langley Resea rch  Center for  a var ie ty  of possible conditions, with 
emphasis  on runway applications. 
The f i r s t  experimental grooving on highways was initiated by 
the California Highway Department in 1961. Con-Cut, Incorporated 
built the or iginal  grooving equipment fo r  this experiment and, sub- 
sequently, built upon the experience to become a major  manufacturer 
of this kind of equipment. Continuous study and refinement and success-  
ful experience in accident reduction on highways that have been grooved 
since 1961 have led to an appropriation level  of near ly  $4 million for 
this yea r ' s  highway grooving activit ies in the s ta te  (Farnsworth,  1972). 
More than 20 s tates  have grooved troublesome s t re tches  of 
highway, and m o r e  than 15 major  U.  S. civil a i rpo r t s  now have grooved 
runways. As a resu l t ,  a new industry has  evolved that i s  based on 
the scientific and technological advances of the Langley r e sea rch .  
Approximately 2,000 people a r e  present ly employed in the industry. 
and five companies manufacture the specialized equipment for grooving. 
These f i r m s  have formed a t rade association, the International Grooving 
and Grinding Association, to promote grooving a t  the international, 
f ~ ~ - ~ ~ l .  state ,  and loczl  !e~re?s (Reinhardt,  1972). - - - - - - - 
Commercial  and mi l i ta ry  aviation. The evolution of control 
sys tems technology under NASA auspices  has  reached a point where 
i t  has  become possible to achieve fundamental changes in both a i r c ra f t  
design and a wide spec t rum of complex industr ia l  control  systems.  
The "digital f ly-by-wire control ' '  f i r s t  used in Gemini and Apollo 
spacecraf t  eliminates conventional, d i r ec t  mechanical  and hydraulic 
linkages between the pilot and vehicle control  sur faces .  This change 
was brought about slowly, beginning with hydraulic boost for  con- 
ventional controls used twenty yea r s  ago in  the T - 3 3 ,  B-47 and com- 
merc ia l  t ranspor ts .  The next s tep was fully powered hydraulic 
controls used in  the F-86 ,  century s e r i e s  f ighters  and la rge  t ransports .  
The F-4 ,  F-104, F-102, and other high performance a i r c ra f t  were  
fitted with stabili ty augmentation sys tems in which motion sensors  
augmented pilot response.  The next generation channeled inputs f rom 
the pilot through the motion sensing s y s t e m  that was used in the F-111, 
B-70 and the C-5. The penultimate version of this technology was 
incorporated in the X-15, Concorde SST, and Mercury spacecraf t  a s  
a pseudo fly-by-wire that allowed the pilot the option of conventional 
controls.  Finally,  with the X-20 and Gemini and Apollo spacecraf t ,  
a pure fly-by-wire sys t em appeared in which the pilot 's control in-  
puts a r e  sensed by position t ransducers  and transmitted to a digital 
computer (the Apollo Guidance Computer),  a s  well a s  to a tr iple r e -  
dundant backup s y s t e m  which provides a means of d i rec t  control in 
case  of p r i m a r y  sys t em fai lure .  The guidance computer calculates 
the des i red  response of the vehicle and compares  i t  with the actual 
a i r c ra f t  motion. The computer then signals control surface c o r r e c -  
tions that will change the actual motion to conform to the des i red  
motion of the vehicle. Such signals a r e  ca r r i ed  by e lec t r ica l  c i rcu i t s ,  
thus the t e r m  "fly-by-wire. I '  
The digital computer,  which was developed on the Apollo pro-  
gram,  has seve ra l  vital functions. F i r s t ,  i t  provides control augmen- 
tation under normal  operation. Second, the sys tem contains built-in 
logic to a s s u r e  that the pilot control inputs follow the basic control 
laws of aerodynamics.  Third,  the computer contains a proven fault 
detection and recording capability which monitors the operation of 
the ent i re  digital sys t em,  including the computer itself, the coupling 
data unit, and the iner t ia l  measur ing  unit. If a malfunction i s  detected 
in any of the hardware o r  software components, the control sys t em 
switches to the redundant backup sys t em operated by the pilot. 
There  a r e  seve ra l  advantages to the fly-by-wire sys t em over  
conventional control sys t ems .  By eliminating the mechanical link- 
ages between the pilot and the control  sur faces ,  there  i s  a consider-  
able saving in weight. F o r  mi l i t a ry  a i r c ra f t ,  in par t icular ,  the 
presence of a t r iple  redundant, e lec t r ica l  backup sys t em provides 
grea ter  securi ty  against  the loss  of control caused by localized damage. 
Finally,  if f ly-by-wire control  i s  used, there i s  no longer an  over -  
riding need to design for an  aerodynamically stable vehicle which 
could be handled despite control fa i lure .  By obtaining an equivalent 
level of control reliabili ty in other  ways (e .  g . ,  e r r o r  detection, back- 
up redundancy), the fly-by-wire sys t em f r e e s  the designer to use  
aerodynamically unstable designs that can provide increased lift and 
reduced drag,  thereby improving a i r c ra f t  performance. 
The feasibil i ty of a whole new field of control-configured 
vehicles (CCV) is being explored because of fly-by-wire technology. 
Large a i rc raf t ,  among o thers ,  m a y  be designed differently: they m a y  
be designed for s t rength r a the r  than stiffness;  wing weight can be 
reduced five percent  by altering control sur faces  to shift l if t  d i s t r i -  
bution inward; and ta i l  su r faces  can be reduced in  s i ze  by a s  much a s  
50 percent. All of these changes contribute toward a potential weight 
reduction of 20 percent  for  new large  a i rc raf t .  The final impact  of 
this technology and the importance of NASA's demonstration of feas i -  
bility a r e  not yet c lear .  The United States Air F o r c e ,  however, has  
begun an experimental p rogram to evaluate CCV (Yaffee, October 16, 
1972). 
The grea t  significance of the fly-by-wire control sys t em con- 
cept to industr ia l  pract ice l ies  not only in  i t s  anticipated revolution- 
a r y  change to a i r c r a f t  performance and reliabili ty,  but also in i ts  
potential secondary utilization fo r  a broad range of industr ia l  controls.  
The concept simplifies linkages, reduces maintenance, and achieves 
grea ter  reliabili ty by allowing an inexpensive addition of redundance 
to control sys t em linkages. The s imple r ,  m o r e  rel iable  f o r m  of 
control i s  v e r y  appropriate  fo r  complex mechanisms such a s  heli- 
copters  and hovercraf t  and also seems  well-suited fo r  industr ia l  
c ranes ,  high speed ground transportation vehicles ,  automated man-  
ufacturing machinery, and other complex industr ia l  devices.  
Several  contractor  organizations have joined NASA Flight 
Resea rch  Center engineers in the fly-by-wire development program.  
These include Sper ry  Rand, Massachuset ts  Institute of Technology, 
- .  
Delco Electronics  , Hydraulic Resea rch  and Manufacturing Company, 
and Ling-Temco-Vought. Currently,  attention i s  being given to the 
commerc ia l  application of the fly-by-wire concept (Delts and Szalai ,  
1972). 
Perspect ive.  These four examples were  chosen to i l lustrate  
diversi ty  in the ways that f i r m s  can  gain through the conduct of 
mission-oriented development work. At the same  time, these exam- 
ples i l lustrate  how technical improvements flow into different pat terns  
of products and serv ices  which compr ise  American industrial  progress .  
MODE IV: In tersec tora l  diffusion of technology generated 
through long-term basic  and applied r e s e a r c h  
and development in mater ia l s ,  apparatus ,  and 
p rocesses  by the dissemination of resu l t s  
through professional societ ies ,  industr ia l  
design codes and published documentation. 
The Lewis Resea rch  Center has  been responsible for much of 
NASA's work in the field of rotating equipment. This field r ep resen t s  
one a r e a  of r e s e a r c h  that has  strong t ies  to the industr ia l  world be-  
cause p r ime  movers  ( i . e . ,  motors ,  genera tors ,  compresso r s ,  t u r -  
bines, and engines) permeate  a lmost  every  industr ia l  classification. 
Industry i s  broadly concerned with the scientific and technical devel- 
opments which effect the performance of rotating equipment, a s  well 
a s  the new options in the use of rotating equipment to do useful work. 
In this r ega rd ,  an  a i r c ra f t  turbine engine was f i r s t  coupled to a gen- 
e ra tor  to produce ground-based e lec t r ica l  power twelve yea r s  ago 
(Electr ical  World, 1972). The construction of turbo-generating equip- 
ment i s  now an industry in i t s  own right.  
This commonality of technical in te res t  provides one of the mos t  
powerful mechanisms for  the diffusion of aerospace  technology into 
industry because individual technical people f r o m  different economic 
sec tors  sha re  in the advances made in a field through their participation 
in professional societies.  These societies bridge economic and in- 
dustr ia l  s ec to r s  because individuals f r o m  different sec to r s  a r e  a s s o -  
ciated in the consideration of common technical problems such a s  
lubrication, wear ,  corrosion,  efficiency and ma te r i a l  proper t ies .  
Improvements in these problem a r e a s  a r e  a t  the hear t  of the incremental  
improvements in equipment design and performance. 
Technology diffusion through professional activity. The 
American Society fo r  Testing and Mater ials  (ASTM) i s  an  international,  
nonprofit, technical society devoted to the promotion of knowledge on 
engineering ma te r i a l s ,  the standardization of specifications, and the 
standardization of tes t  methods. In 1970 alone, over 190,000 volumes 
of ASTM standards were  sold to engineers,  scient is ts ,  and archi tec ts  
concerned with specifying and evaluating ma te r i a l s  of a l l  kinds. 
At the h e a r t  of the society a r e  the ASTM technical commit tees .  
Through these voluntary committees ,  ASTM coordinates a broad 
range of investigations leading to a better knowledge of the propert ies  
of ma te r i a l s ;  approximately 4.000 widely used s tandards have evolved 
a s  a r e su l t  of these activit ies.  Present ly ,  the m o r e  than 100 technical 
commit tees  of ASTM f o r m  the working groups in  which cu r ren t  r e s e a r c h  
i s  reviewed and appropriate  s tandards a r e  developed. The common 
denominator unifying each committee is a professional concern for  a 
specific technical problem imbedded in the discipline o r  technical 
in te res t  of a l a r g e r  professional  community. Such committees  r ep resen t  
aligned communities that have memberships cutting a c r o s s  traditional 
in te rsec tora l  boundaries.  I t  is through these communities that new 
technology is introduced in other  sec to r s  and fur ther  diffusion occurs .  
An examination of the development of f r ac tu re  toughness tes t  
methods over  the pas t  decade revea ls  how new technology affecting 
the safety and rel iabi l i ty  of c r i t ica l  s t ruc tures  was developed and how 
diffusion was s ta r ted  by engineering practice.  After years  of ed- 
ucation and experience, which re l ied  on the assumption of a defect- 
f r e e  mater ia l ,  the design engineer now i s  forced to acknowledge the 
presence of flaws that can cause high-strength ma te r i a l s  to fail  in  a 
br i t t le  manner .  In this situation, the problem becomes one of a s s e s -  
sing the actual  integrity of a ma te r i a l  in the context of i t s  intended use. 
Herein l i e s  the domain of f r ac tu re  mechanics.  
In te res t  in f r ac tu re  mechanics has  been keen, but what engin- 
e e r s  lacked was a quantitative way of relating a ma te r i a l  property to 
the design of s t ruc tu res  containing ever -present  flaws. E a r l y  in 1959, 
a: the s~ggee'cion o i  the Department of Defense and the National Academy 
of Sciences,  ASTM organized an ad  hoc committee to study the problems 
of br i t t le  f r ac tu re .  Their  f i r s t  task was to develop a qualitative tes t  
method that would pe rmi t  rational selection of s tee ls  and design loads 
for  the P o l a r i s  rocket  motor case  and, thereby, put an  end to a con- 
tinuous s e r i e s  of fa i lures  that threatened national securi ty .  * 
What s t a r t ed  out a s  a special  committee,  charged with the 
resolution of a specific problem, has  grown to be a vi ta l  fo rce  in 
the f r ac tu re  mechanics community. Since the resolution of the 
*Joining r e s e a r c h e r s  f r o m  the Naval Resea rch  Laboratory were  
members  of the NASA Lewis Resea rch  Center and representat ives  
f r o m  industry. 
rocket motor case  problem, the ASTM Committee E-24 on F r a c t u r e  
Testing of Metals has worked to advance knowledge in the field of 
f r ac tu re  testing by: 
Promoting r e s e a r c h  and development on methods for 
appra isa l  of meta ls ;  
Developing recommended pract ices ,  methods of tes t ,  
definitions, and nomenclature fo r  f r ac tu re  testing of 
meta ls ,  exclusive of fatigue testing; 
Sponsoring both independent and cooperative technical 
meetings and symposia;  and 
Coordinating the committee activit ies with those of other 
relevant  ASTM committees  and other organizations 
(ASTM, 1970). 
With these activit ies serving to consolidate a community of 
interest ,  i t  i s  now possible to examine how a technical contribution 
of the civilian space p rogram moved through the technologically 
aligned community to impact other sec tors .  NASA's concern for 
minimizing the weight of flight sys t ems  has also led to the extensive 
use of high-strength ma te r i a l s ,  and the performance of these ma te r i a l s  
i s  sensitive to the presence of flaws. To define this sensit ivity,  r e -  
s ea rche r s  a t  the Lewis Resea rch  Center developed the "plane s t ra in  
f rac ture  toughness tes t ,  " and engineers  fo r  the f i r s t  t ime could quan- 
titatively determine the weakening influence of c racks  in selected 
s t ruc tura l  mater ia l s  (Shannon and Brown. March  5, 1970). 
E a r l y  dissemination of information on the plane s t ra in  f r ac tu re  
toughness t e s t  was p r imar i ly  accomplished through the E-24 Com- 
mittee via personal  contacts and ASTM Special Technical Publications. 
In fact ,  before the tes t  was finally incorporated this year in the ASTM 
Standards (ASTM Standard Tes t  Method E 399-72), designers  of 
c r i t ica l  s t ruc tures  had a l r eady  adopted the t e s t  a s  p a r t  of their  "best 
prac t ice ,"  thus accelerat ing the introduction of the innovation in other 
sec tors .  
E a r l y  adopters  of the plane s t r a in  f r ac tu re  toughness tes t  were  
individuals with specific problems fo r  which the conventional s t rength 
of mater ia l s  approach offered no solution. Engineers a t  Westinghouse, 
fo r  example, conducted extensive r e s e a r c h  to facil i tate the application 
of f r ac tu re  mechanics  to power generating equipment. F r a c t u r e  
toughness data and fatigue crack  growth r a t e s  were  generated for 
commonly used p r e s s u r e  vesse l  mater ials--namely,  ASTM A533 and 
ASTM A216. Plane s t r a i n  f r ac tu re  toughness values were  determined 
over  a wide range of tempera tures  fo r  seve ra l  specimens and weld 
meta l  using the NASA innovation (Wessel,  1969). Major efforts were 
a l so  devoted to the determination of f r ac tu re  toughness fo r  common 
ro tor  alloys over a wide range of tempera tures  and s t ra in  r a t e s ,  a s  
well a s  for  fatigue c rack  growth r a t e s  a s  a function of s t r e s s  inten- 
s i t ies .  The basic  alloys (A469, A470, A471) evaluated by Westinghouse 
a r e  now employed in virtually a l l  l a rge  turbine generator ro to r s  and 
disk forgings manufactured in the United States (Greenberg, - e t  a l . ,  -
1969). 
The design of the new Air ~ o r c e / ~ o r t h  American Rockwell 
B-1 s t ra teg ic  bomber has  also re l ied  heavily on the concepts of f r ac tu re  
mechanics.  As a d i rec t  resu l t ,  North American Rockwell (NAR) has 
stated that the B-1 design serv ice  l ife is now considerably longer than 
for  any  previous bomber.  Titanium plate,  produced in 15- to 20-foot 
sections,  is requi red  to have f r ac tu re  toughness values determined in 
both longitudinal and t r ansve r se  directions,  a t  a cost  of $300 per  test. 
NAR will determine f r ac tu re  toughness values on any mater ia l  that 
undergoes processing af ter  being delivered by a producer (Aviation 
Week & Space Technology, Ju ly  26, 1971). 
Different kinds of adoption pat terns  for f r ac tu re  mechanics 
a r e  now appearing. P roduce r s  of p r i m a r y  meta ls ,  such a s  Aluminum 
Company of America,  have found a growing number of cus tomers  
demanding guaranteed minimum toughness values fo r  the mater ia l s  
they purchase (Kaufman, 1971). In a typical response to s imi lar  
demands, U. S. Steel conducted a p rogram to determine plane s t ra in  
f r ac tu re  toughness of a t  leas t  eleven commonly used s tee ls  (Rolfe and 
Novak. 1970). The significant diffusion charac ter i s t ic  exemplified 
he re  i s  that the burden fo r  determination of f r ac tu re  toughness data 
has  s ta r ted  shifting f r o m  u s e r s  such  a s  Westinghouse and North Amer - 
ican Rockwell to the p r imary  producers  of s t ruc tura l  mater ia l s .  
Formalizing of the plane s t ra in  f r ac tu re  toughness tes t  by ASTM has 
great ly  facilitated this transit ion. I t  can now be seen that the tech- 
nology i s  moving into important a r e a s  of commerce  and production, 
and this movement is being reinforced and acce lera ted  through the 
fo rma l  training of new engineers a t  a growing number of institutions. 
Based on the recommendat ion in  the 1972 Amer ican  Society of 
Mechanical Engineers  Boiler Code Addenda, manufac turers  of nuclear  
p r e s s u r e  ves se l s  will now use  experimental  toughness values to design 
these ves se l s .  This recommendat ion incorporates  the r e su l t s  of ex- 
tensive f r a c t u r e  toughness t e s t s  on p r e s s u r e  ves se l  s t ee l s  conducted 
a s  p a r t  of the Heavy Section S tee l  Technology P r o g r a m  a t  the Oak Ridge 
National Laboratory.  
The ro l e  of the profess iona l  community in the introduction of 
new technology i s  c l ea r ly  evident: the e a r l y  diffusion of the f r a c t u r e  
toughness t e s t  not only i s  occur r ing  within the aerospace  sector  (the 
B - l  ma te r i a l s  evaluation), but i t  i s  a lso diffusing through other  s ec to r s  
where the safety  and rel iabi l i ty  of c r i t i ca l  s t ruc tu re s  a r e  paramount.  
Industr ia l  design codes.  During the l a s t  decade,  the increased  
per formance  in many energy  convers ion sys t ems  such a s  turbines and 
nuclear r e a c t o r s  has  been due to higher fluid operating tempera tures  
in the mechanical  sys t ems .  The advances in re l iab le ,  high temp- 
e r a t u r e  (above 800°F)  operat ing capability a r e  dependent on ma te r i a l  
advances and bet ter  design data .  The la t te r  i s  par t icular ly  important  
in designing a sys t em to provide re l iab le  performance with a minimum 
of downtime and r epa i r  cos t s .  
During the 19601s, t he re  was a marked  inc rease  in  the r e s e a r c h  
effort aimed a t  providing a be t te r  understanding of the time-dependent 
mechanical  and metal lurgical  behavior of s t ruc tu ra l  ma te r i a l s  under 
cyclic loading conditions a t  high t empera tu re s  (Berling and Slot, 1969). 
The Lewis Resea rch  Center had been investigating high tempera ture  
fatigue behavior of ma te r i a l s  s ince the e a r l y  1950's. In par t icu la r ,  
r e s e a r c h e r s  a t  Lewis w e r e  the f i r s t  to recognize that local s t r a in ,  
r a the r  than local s t r e s s ,  causes  high tempera ture  fatigue in a ma te r i a l .  
Through the yea r s ,  invest igators  a t  Lewis have participated in the 
numerous professional  act ivi t ies  sponsored by the Amer ican  Society 
for  Metals ,  the Amer ican  Society for  Testing and Mater ia l s ,  and the 
American Society of Mechanical Engineers .  By serving on professional  
commit tees ,  providing t e s t  data and computer t ime to commit tee  
activity, and presenting technical  papers  both h e r e  and abroad,  r e su l t s  
of the c e n t e r ' s  ma te r i a l s  p r o g r a m s  have been disseminated to engin- 
e e r s  throughout the world (Manson, 1972). 
One example of the wide-spread  impact  of this effor t  i s  found 
in the design codes published by  the American Society of Mechanical 
E n g i n e e r s  (ASME),  which provide  the c r i t e r i a  f o r  r e c e i p t  of the  ASME 
Code S tamp.  I n  s o m e  c a s e s ,  this  s t a m p  is r e q u i r e d  b y  l aw f o r  c e r t a i n  
c l a s s e s  of opera t ing  equipment ,  w h e r e  f a i l u r e  would have s e r i o u s  con-  
s e q u e n c e s .  Lewis  pe r sonne l  have s e r v e d  o n  the  ASME Subgroup on 
E leva ted  T e m p e r a t u r e  Design f o r  m a n y  y e a r s .  In 1964, ASME pub- 
l i shed  a high t e m p e r a t u r e  code (Code C a s e  1331) to provide  des ign 
c r i t e r i a  f o r  m a t e r i a l s  opera t ing  in condit ions above 800' F. Th is  
code c a s e  h a s  undergone s e v e n  r e v i s i o n s  as a d v a n c e s  have been m a d e  
in  the unders tanding of high t e m p e r a t u r e  fa t igue .  In 1970 the l i n e a r  
l i f e - f rac t ion  d a m a g e  r u l e  w a s  adopted into thc code  c a s e  a s  a m e a n s  
of  a s s e s s i n g  the combined damage  f r o m  c r e e p  a n d  fat igue.  Th i s  r u l e  
w a s  f i r s t  p roposed  about  20 y e a r s  ago,  but i t  l acked  c red ib i l i ty  until  
rx tcns ivc  t e s t s  w e r e  conducted a t  Lewis  to d e m o n s t r a t e  that  i t  worked 
a s  a useful  p r o p e r t y  e s t i m a t o r  (Ha l fo rd ,  1972). 
S ince  1970, a  m o r e  sophis t ica ted  technique,  ca l l ed  s t r a i n r a n g e  
par t i t ioning,  h a s  been developed and  ve r i f i ed  a t  Lewis .  This  technique 
g r e a t l y  s i m p l i f i e s  the tes t ing  and a n a l y s e s  r e q u i r e d  b y  the l i n e a r  r u l e ,  
s i n c e  the v a r i a b i l i t y  of the c r e e p  t e s t  d a t a  is  r e d u c e d .  A posit ion p a p e r  
h a s  been p r e p a r e d  a t  Lewis to p r e s e n t  th is  new technique to the ASME 
Subgroup o n  E leva ted  T e m p e r a t u r e  Design f o r  p o s s i b l e  adoption in  the 
eighth r e v i s i o n  of Code Case  1331 (Ha l fo rd ,  1972). 
In i t s  p r e s e n t  f o r m  Code Case  1331, o r  i t s  equivalent  da ta ,  i s  
appl ied  as  a c r i t i c a l  des ign p a r a m e t e r  f o r  high t e m p e r a t u r e  g a s  r e -  
a c t o r s ,  l iquid z e t a 1  f a s t  S r c e d e r  r e a c t o r  development ,  s teai i l  b o i l e r s  
and  bo i l e r  tubing,  g a s  tu rb ines ,  and o t h e r  high t e m p e r a t u r e  mechan ica l  
s y s t e m s .  
Pub l i shed  documentat ion.  NASA h a s  main ta ined  a continuous 
and  b a s i c  i n t e r e s t  in  c e r t a i n  technical  f i e l d s  which a r e  a l s o  advancing 
through i n d u s t r i a l  r e s e a r c h  and  development  a c t i v i t y  concerned  with 
n o n a e r o s p a c e  applicat ion.  T h e s e  f i e lds  c a n  b e  c h a r a c t e r i z e d  b y  t h e i r  
d i s c i p l i n a r y  n a t u r e  (i. e .  , h e a t  t r a n s f e r ,  f lu id  f low, s t r e n g t h  of 
m a t e r i a l s )  and  the f a c t  that  b a s i c  a d v a n c e s  in  the  f ie ld  o f t en t imes  
have  g r e a t  i m p a c t  b e c a u s e  of the  technology being common to m a n y  
appl ica t ions .  In  this  r e g a r d ,  one p a r t i c u l a r  NASA r e s e a r c h  ef for t  and  
the ways  i t  h a s  af fec ted  des ign ,  o p e r a t i o n s ,  and indus t r i a l  p r a c t i c e  
wil l  be examined .  
The combustion of high energy  fuels has long been of i n t e r e s t  
to NASA, a s  well a s  i t s  p redeces so r  the National Advisory Committee 
for  Aeronautics (NACA). The per formance  charac te r i s t ics  of turbine 
and rocket  engines a r e  der ived f r o m  the combustion p roces ses ;  in 
turn,  the per formance  of the vehicles powered by these engines i s  a l so  
defined. The Lewis R e s e a r c h  Center has  conducted combustion r e -  
s e a r c h  for  m o r e  than 25 yea r s .  One r e su l t  of this effort was the 
development of a computer  p r o g r a m  in 1961 that allowed the calculation 
of complex chemical  equi l ibr ium composit ions for  u se  in chemica l  
s ys tems .  
Knowledge of the chemica l  equil ibrium composition permi ts  the 
determination of the theoret ical  thermodynamic proper t ies  for the 
sys t em- -a  solution needed for  a wide var ie ty  of problems in chemis t ry  
and chemical  engineering. Some applications a r e  in the design and 
analysis  of equipment such a s  c o m p r e s s o r s ,  turbines ,  nozzles ,  engines,  
shock tubes,  heat  exchangers ,  and chemical  processing equipment 
(Gordon and McBride,  1971). Because of the wide in t e r e s t  in the or iginal  
p rogram,  i t  was modified, rewr i t ten ,  and improved through the y e a r s ,  
with the m o s t  recent  vers ion  being available since 1967. The p rog rams  
a r e  known a s  the NASA-CEC s e r i e s .  
During the l a s t  five y e a r s ,  a lmos t  200 scient is ts  and engineers  
f rom univers i t ies  and commerc i a l  f i r m s  have requested the l a t e s t  
p r o g r a m  f r o m  Lewis. One a r e a  of application that i s  par t icu la r ly  
significant now concerns  the u se  of the p r o g r a m  a s  a tool in pollution 
control .  
The Phil l ips P e t r o l e u m  Company became aware  of the p r o g r a m  
through a conference on high tempera ture  r e s e a r c h  that was held a t  
Lewis in 1969. The company presen t ly  u ses  the p rog ram to analyze 
combustion p roces ses  in automotive pollution control  exper iments ,  
where they a r e  concerned with nitrogen oxides (NO,) and carbon 
monoxide (CO) emission.  By slightly modifying the p r o g r a m ,  i t  has 
been possible to analyze var ious  fuels and fuel combinations combusted 
in an  engine operated a t  different compress ion  ra t ios .  In addition to 
aiding in the blending of gasol ines  for  pollution control ,  Phi l l ips  has  
used the p rog ram to develop tables  on the combustion equil ibrium 
for  var ious  fuels;  and, in i t s  consulting work, for  analyzing the 
effluent of incinerator  plants and pollutants f r o m  waste  gas  f la r ing  
(MacQueen and Lee ,  1972). 
The Continental Motors Division of Teledyne, Incorporated 
i s  at tempting to adapt the p r o g r a m  to provide combustion simulations 
f o r  turbocharger  analysis .  These studies will a id  in the design of 
sma l l  a i r c r a f t  engines which now m u s t  mee t  the f ede ra l  pollution 
regulations for  NOx and CO. The investigator in the r e s e a r c h  effort  
became f ami l i a r  with the p r o g r a m  through his work a t  the F lor ida  
R e s e a r c h  Center of P r a t t  and Whitney, where  i t  was used extensively 
in rocke t  combustion and jet engine combustion ana lys i s .  He fu r the r  
s ta ted that  the NASA-CEC p rograms  a r e  the s tandard  in  the industry  
for  such ana lyses ,  and the National Bureau of Standards uses  i t  a s  a 
r e f e rence  p r o g r a m  (Sutherland, 197 2 ) .  
The Babcock and Wilcox Company obtained the p rog ram f r o m  
Lcwis about two y e a r s  ago. The company uses  i t  regular ly  in design 
s tudies  f o r  fo s s i l - f i r ed  boiler modifications to reduce  NO, emiss ions  
and f o r  sulfur  r ecove ry  p roces ses  f o r  s eve ra l  sulfur  dioxide (SOZ) 
cleanup sys t ems  that a r e  being developed for  power plant exhaust  
gases .  Babcock and Wilcox engineers  analyze the operating t rends 
for  dif ferent  hardware  configurations with the p r o g r a m  so  that guide- 
l ines leading to experimental  design improvements  a r e  established. 
Pe r spec t ive .  These  th ree  examples  i l lus t ra te  how the move-  
men t  of technology i s  achieved in an in formal  s ense  through the profes -  
sional act ivi t ies  of individuals. One important  factor  of this type of 
technological p r o g r e s s  i s  that the problems addres sed  a r e  ex t remely  
difficult: wit!, no s imple  answers .  In this way, NASA adds to the body 
of bas ic  knowledge and draws f r o m  the additions of o thers .  
MODE V:  Relocation of skilled individuals f r o m  a e r o -  
space employment to employment in a dif ferent  
economic sec to r ,  resul t ing in adoption of a e r o -  
space technology to solve analogous problems 
encountered in the new sec to r .  
Since 1960, an  en t i re ly  new technical f ield,  contamination con- 
t rol ,  has  been c rea ted  to help sat isfy  the high re l iabi l i ty  requi rements  
in the ae rospace  and atomic energy  industr ies .  NASA, the AEC, and 
the Department of Defense w e r e  ins t rumenta l  in this c l a s s i c  example 
of new demands converting an  old a r t  into a new sc ience .  Although 
the a r t  of contamination control  has  been pract iced for  many y e a r s  
in hospitals and indus t r ies  such a s  food processing and pharmaceu-  
t icals,  the intensive f ede ra l  R & D programs  of the l a s t  two decades 
have c rea ted  the modern  technical  field of contamination control ,  
complete with i t s  own equipment manufac tu re r s ,  profess ional  soc ie t ies ,  
and an  integrated technological base .  The exper t s  and manufac turers  
that compr ise  the contamination control  indus t ry  a r e  s t rongly d iver -  
sifying to sat isfy  a growing demand for  bet ter  product quality and pub- 
lic health in  many  s e c t o r s  of the Amer ican  economy (Whitfield, 1970). 
The space p rog ram,  with i t s  high re l iabi l i ty  and of tent imes 
s te r i l i ty  requi rements ,  provided a major  " f i r s t  marke t"  for  advanced 
contamination cont ro l  equipment designed to NASA specification. This 
f i r s t  marke t  contribution to the industry  facil i tated rapid growth in 
production capacity,  consolidation of equipment s tandards ,  and 
sophisticated product design capabil i ty.  One r e su l t  has been that  
the contamination control  m a r k e t  has  experienced s teady growth in 
spite of a d ra s t i c  reduction in ae rospace  sa l e s .  Four  ma jo r  producers  
of one important  type of contamination control  equipment-- laminar  
flow uni ts--were surveyed in  1971 to discover  the changing m a r k e t  for  
their products.  Their  aggregated sa l e s  have continually increased  
since 1960, and the percentage of s a l e s  to nonaerospace cus tomers  
has grown f r o m  a l m o s t  nothing to approximately 90 percent  (Denver 
Resea rch  Insti tute,  1971). 
In addition to providing a major  m a r k e t  for  contamination 
control  equipment,  NASA generated two corners tone  documents:  SP- 
5045, Contamination Control Pr inc ip les  and SP-5076, Contamination 
Control Handbook. These  two publications conceptualized the pr inciples  
of contamination control  and descr ibed  the methodology of i t s  p rac t ice  
in detail.  
The diffusion of contamination control  technology a c r o s s  
dif ferent  s e c t o r s  of the economy has occu r red  not only through the 
p roces ses  of technical  and m a r k e t  integration,  but a l so  in a significant 
way through the movement  of people. P r i o r  to 1965, m o s t  modern  
contamination cont ro l  exper t s  were  employed in the ae rospace  industry .  
In the mid-196O1s, however,  the f i r s t  shift  in employment  took place,  
with many expe r t s  moving to new application a r e a s  in the computer 
and pharmaceut ical  indus t r ies .  P re sen t ly ,  a lmos t  a l l  pharmaceut icals  
and many computer  components a r e  produced in  c lean rooms  that a r e  
the d i rec t  descendents of aerospace  faci l i t ies .  A second ma jo r ,  shift 
in employment i s  now occur r ing  a s  new o r  expanding applications in 
other industr ies ,  such a s  exper imental  an imal  l abo ra to r i e s ,  d a i r y  
products,  consumer product e lec t ron ics ,  cosme t i c s ,  and automotive 
components,  have c r e a t e d  an expanding job m a r k e t  for  contamination 
control  personnel  f r o m  the aerospace  p rog rams  (Hite,  1972). 
One example of employment change for contamination control  
exper t s  that  i l lus t ra tes  the resul t ing technological change for the 
employing company involves the c a s e  of Ronald R .  Hite. Hite developed 
his exper t i se  while working f o r  the Hughes Ai rc ra f t  Company. In 
1967 he participated in the preparat ion of a section on clean packaging 
for NASA SP-5076.  Hite has a l so  been a member  of the Amer ican  
Association for Contamination Control since i t s  inception and has  
s e rved  on i t s  board of d i r ec to r s  a s  c h a i r m a n  of the Publications 
Committee.  In 1968 Hite joined the staff of Scientific Data Sys t ems ,  
Tnrorporated a s  a contamination io i~ t r ;o l  expe r t .  The company, now 
cal led Xerox Data Sys t ems ,  manufactures  computer  per iphera l  equip- 
ment  such a s  disc f i le  m e m o r i e s  and  tape d r ives .  Since joining the 
company, Hite has used his  exper ience in aerospace  contamination 
control  techniques and the two NASA documents c i ted above to make 
seve ra l  improvements  in the cont ro l  of contamination in the company's  
production faci l i t ies ,  including f a s t e r  and m o r e  thorough cleaning 
techniques, cheaper  equipment to achieve the s a m e  o r  higher c leanl i -  
n e s s  s tandards ,  addit ional c lean w o ~ k  s ta t ions ,  and improved monitor - 
ing of contamination cont ro l  equipment.  As a d i r ec t  r e su l t  of these 
improvements ,  Xerox  Data Systems has significantly reduced the 
fa i lu re  r a t e  of f inished products during quality cont ro l  inspection, 
increased  the production r a t e  by doing a m o r e  thorough cleaning job 
in l e s s  t ime ,  and reduced  the overhead cos t s  for contamination control  
equipment and operat ion.  Hite is  a l so  a consultant for  s eve ra l  other 
companies ,  including Phi l ips  Industr ies  of Holland. This example is  
by no means  unique in  the contamination control  f ield.  Contamination 
control  exper t s  a r e  constantly developing new applications for  saving 
money, increas ing  re l iabi l i ty  and reducing health haza rds  (Hite, 1972). 
In a l a rge r  s ense ,  the impact  of people movement can be seen 
in the experience of KVB Engineer ing,  Incorporated,  a California 
consulting firm founded in  1970 which special izes  in pollution contm 1 
fo r  e l ec t r i c  uti l i t ies.  The key  personnel  in  the firm have s t rong 
t ies with NASA combustion r e s e a r c h  through p r io r  employment with 
NASA cont rac tors ,  where  they contributed d i rec t ly  to advancements 
in the s ta te-of- the-ar t .  This  exper ience has  propelled the company 
to a position of leadership in combustion engineering r e s e a r c h .  One 
of the m o s t  significant accomplishments  of the company's  consulting 
work has  been the prac t ica l  demonstrat ion that  nitrogen oxide emmis -  
sions f r o m  power generating plants can  be reduced by 40 to 50 percent  
through ta i lored changes in boi ler  operating procedures ,  changes that 
do not introduce the r i s k  of hazardous combustion conditions o r  g ros s  
inefficiencies within the boi ler .  KVB has undertaken analyses  for  
nine m a j o r  uti l i t ies and i s  playing a c ruc i a l  r o l e  in the reduction of 
power plant pollution, par t icu la r ly  in the Southern California a r e a  
(Breen ,  1972). 
Perspec t ive .  Contamination Control i s  just  one field in which 
people have acquired exper t i se  while performing indispensible tasks  
in the space program.  Other f ie lds ,  such a s  nondestructive testing, 
welding, and management ,  could a l so  be used to i l lus t ra te  how in-  
c r eased  abil i ty,  acquired during a venturesome p r o g r a m  such a s  
Apollo, i s  being employed in other  s e c t o r s  of Amer ican  industry.  
F o r  example,  the Tennessee Valley Authority, in selecting new em-  
ployees for  welding and nondestructive testing,  places  high pr ior i ty  
on personnel  with aerospace  experience (Will is ,  1972). 
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MODE VI: Publ ic - in te res t  t r ans fe r  of space p rog ram 
experience to nonaerospace organizations 
through a planned p r o g r a m  linking the 
~ ~ ~ ~ / a e r o s ~ a c e  sec tor  with commerc i a l  
f i r m s  and public sec tor  enti t ies.  
In the elaboration of the var ious  modes for  technology uti l iea- 
tion presen ted  thus far, there  has  been a common element: the 
adopter has  been aligned in some  way with the aerospace  sec to r ,  
e i ther  professionally o r  contractually.  This type of relationship p ro -  
vides a driving force  for  the movement of technology s imply because 
such f i r m s  and individuals have been involved in  the generation and 
f i r s t  application of new technology. But what about the nonaerospace 
sector? How does a f i r m  par t ic ipate  in  the gains f r o m  aerospace  
r e s e a r c h  and development without being a p a r t  of that sector?  
NASA has developed a fo rma l  p r o g r a m  to facil i tate technical  
interactions between aerospace  and nonaerospace sec tors .  This  pro-  
g r a m  was energized,  in pa r t ,  by a NASA policy for  systematical ly  
documenting the occur rence  of and conditions attendant to invention 
o r  innovation during the conduct of aerospace  R&D. The bas ic  mecha-  
n i s m  operat ing in the con t r ac to r ' s  sphe re  is called the "new technology 
c lause ,  " which r equ i r e s  the d i sc losure  and descr ipt ion of each  inven- 
tion o r  innovation discovered during the cont rac t  work.  These  cont rac-  
tor d i sc losures ,  together with s imi l a r  inputs f r o m  R&D conducted by 
Agency personnel  a t  the NASA r e s e a r c h  cen te r s ,  a r e  evaluated. In 
the ca se  of invention, patent applications a r e  p repa red  to aid in the 
subsequent l i cense  of the development by f i r m s  interested in bringing 
the technology to the marketplace.  Whether inventions o r  innovations, 
these developments a r e  brought to the attention of the industr ia l  com-  
munity through the p rog rams  of NASA's Technology Utilization Office. 
The Technology Utilization Office ope ra t e s  var ious  p rog rams  
to effect the t ransfer  of ae rospace  technology. In addition to i t s  pub- 
lishing p rog ram,  which has s eve ra l  di f ferent  exper imental  fo rms .  
there  i s  a p r o g r a m  which l inks business  and industry  d i rec t ly  with 
the s t o r e  of ae rospace  technology (Regional Dissemination Centers ) ;  
a p r o g r a m  which provides an interface between aerospace  and public 
sec tor  problem a r e a s  (Technology Application Teams) ;  and a p r o g r a m  
which provides adaptive engineering in  the solution of specific pub- 
lic sec tor  p roblems.  The publishing p r o g r a m  and the disseminat ion 
cen te r s  have been par t icular ly  success fu l  in linking the aerospace  and 
nonaerospace industr ia l  s ec to r s  to influence engineering design,  new 
and improved products ,  and p roces s  improvements .  These p rog rams  
will be i l lus t ra ted  through documented t ransfer  examples .  
The publishing programs.  In o r d e r  to m e e t  different objectives 
and u s e r  needs,  NASA's publishing p rog rams  have taken two main 
f o r m s .  One s e r i e s -  -Special Publications - - reviews significant tech- 
nical  developments in a s ta te -of - the-ar t  context for  specific technical  
f ields.  More  than 200 of these r e f e rence  works have been prepared  
and disseminated through the Government  Pr int ing Office and the 
National Technical  Information Service.  
P e r h a p s  m o r e  widelyknown is the Tech Brief .  Tech Br ie fs  
a r e  essent ia l ly  a b s t r a c t s  of technology that a r e  distr ibuted widely 
through NASA mail ings  and through the new technology p rog ram of the 
Small  Business  Administration.  When the Tech Brief a l e r t s  a poten- 
t ia l  u s e r  to a technological development,  the u se r  may  reques t  m o r e  
dctailed informat ion in the f o r m  of a Technical  Support Package (TSP) 
o r  be placed in contact  with the technology innovator. Approximately 
5 ,000 Tech Br ie fs  have been published s ince 1963, and m o r e  than 
100,000 r eques t s  for  TSP 's  have been made  during the pas t  12 months 
alone. The following examples  i l lus t ra te  the kinds of applications 
s t imulated by the Tech Br ie f -TSP p rog ram.  
A Technical  Support Tackage which desc r ibes  a method for  
predicting the biaxial  weld s t rength of welded s t ruc tu re s  was used for  
redesigning pipes in an Eastman Kodak Company chemical  plant. P r e -  
viously, p r e s s u r e  su rges  in the chemical  piping produced rup tu re s  
that  c r ea t ed  se r ious  safety  problems.  A design engineer working on 
the problem reques ted  the NASA document a f te r  seeing the Tech Brief .  
He used the prediction method that was outlined, in conjunction with 
fa i lu re  ana lys i s ,  to develop the pipe designs which were  incorporated 
in new installat ions.  P lan t  sa fe ty  has  been significantly improved by 
eliminating rup ture  haza rds ,  with re la t ively little cos t  to the company 
(Winter, 1971). 
After receiving a Tech Brief on a potential anti-fog coating 
compound, s e v e r a l  companies and individuals obtained NASA l icenses  
to produce and s e l l  the compound. Each l icensee found an  immediate  
m a r k e t  for  h i s  new product in such d iverse  application a r e a s  a s  sk i  
and swim goggles, f i r emen ' s  m a s k s  and s tandard  prescr ipt ion g l a s se s .  
No technical adaption of the NASA technology was requi red ;  and the 
only developments needed were  production capability, packaging and 
a distr ibution s t ra tegy .  F o r  m o s t  of the adoptions, the new product 
complemented an existing product line (Denver Resea rch  Insti tute,  
1972). 
Gannett,  F leming ,  Corddry,  Carpenter ,  a civil  engineering 
consulting f i r m ,  i s  using a TSP that  desc r ibes  workmanship s tandards  
f o r  fusion welding to evaluate flood gate welds on  flood control  d a m  
projects  in Pennsylvania.  An engineer with the company reques ted  
the TSP for  this purpose a f t e r  seeing the Tech Brief .  On the F o s t e r  
Joseph Sayers  Dam Pro jec t ,  the evaluation allowed a cos t  savings of 
m o r e  than $200,000 through the substitution of equally suitable,  l e s s  
costly,  s t ee l  al loys (Seip, 1972). 
Rancho Las Amigos Hospital has  pioneered in  adapting a e r o -  
space technology to i t s  work in  car ing for  and rehabil i tat ing chroni-  
cally disabled persons .  Thc va r ious  technologies of miniaturization 
have proven quite important  in designing advanced power and control  
sys tems  for  orthotic and prosthet ic  devices  a t  the hospital. 
The mos t  r ecen t  t r ans fe r  of NASA technology a t  the hospital  
involves a s m a l l  piezoelectr ic  t ransducer  that was developed under 
NASA contract  by two University of California scient is ts  and descr ibed  
in a Tech Brief .  The invcntion cons is t s  of a hybrid thin f i lm  and a 
piezoelectric t rans i s tor  that a c t s  a s  a p re s su re - sens i t i ve  device with 
built-in signal amplification.  A hospital  staff sc ient is t  encountered 
the Tech Brief while working on an o r a l  control  concept for  paralyzed 
patients to use  in controlling wheelchairs  and powered orthotic appl i -  
ances .  A tongue-operated, multichannel control  sys t em,  held on a 
bracket  in  f ron t  of the patient,  i s  the c u r r e n t  approach. Contact with 
the inventor of the new t ransducer  led to applications engineering 
support  f r o m  the Technology Utilization Office to adapt the device for  
use in the i n t r a -o ra l  control  sys t em.  Prototype models have been 
built, and a major  e lectronics  manufac turer  has  taken s teps  to perfect  
m a s s  production p r o c e s s e s  for  making the t ransducer  and the a s soc i -  
ated integrated c i rcu i t  components (Bontrager ,  1973). 
Regional Disseminat ion Centers  (RDC's) .  The five Regional 
Dissemination Centers  supported by  NASA help u s e r s  obtain technical 
information in  packages that a r e  ta i lo red  to their  specific needs.  The 
RDC's p r i m a r y  information sou rce  is a computer ized data base  of 
over  8 0 0 , 0 0 0  scientif ic and technical ae rospace  r epo r t s .  This  data 
base  i s  supplemented by a b s t r a c t  s e r v i c e s  i n  specific a r e a s  such a s  
chemis t ry ,  engineering,  e lec t ron ics ,  p las t ics  and metal lurgy.  The 
se rv i ces  of the RDC's  can  be seen  in the following t ransfer  c a s e s .  
Many companies  in  the e lec t r ic  power indus t ry  have utilized 
RDC s e r v i c e s  to help f i l l  their  scientif ic and technical  information 
needs.  The Western Energy  Sys tems  Transmis s ion  (WEST) Associ-  
a t e s  i s  a consor t ium of 24 power companies fo rmed  to promote in t e r -  
action on common problems.  F o r  over  two y e a r s  WEST has  had an 
on-going p r o g r a m  with the Technology Application Center (TAC), the 
NASA RDC located a t  the University of New Mexico. TAC has  provided 
WEST with re t rospec t ive  s ea rches  and monthly c u r r e n t  awareness  
information concerning the a r e a s  of a i r  pollution and  water  pollution. 
Specific s e a r c h e s  on topics such a s  "Fly-Ash Utilization" and "NOx 
Detection and Abatement" have a l so  been p repa red  for  individual 
m e m b e r s  of WEST (Long, 1973). 
Most  often,  companies ca l l  upon the RDC's  to provide infor-  
mation on a par t icu la r  problem.  Py rone t i c s ,  Incorporated was devel- 
oping a por table ,  low-cost ,  mult i -purpose welding torch ,  but was con- 
f ronted with the problem of a buiky, high p r e s s u r e  oxygen suppiy. in  
March  1971, Pyrone t ics  requested a re t rospec t ive  s e a r c h  of the NASA 
data bank for  informat ion on chlorate  candles .  These candles  a r e  
unique in  that  they generate  oxygen while burning. The Western Re-  
s e a r c h  Application Center (WESRAC), the NASA RDC located a t  the 
University of Southern California,  provided information on composit ion,  
hazards ,  applications,  manufac turers  and shipping regulat ions .  This 
informat ion was  c ruc i a l  in the development of Pyrone t ics '  new, po r -  
table welding torch ,  which weighs only seven pounds and se l l s  for  
approximately $40. By the end of 1972, over  2 0 , 0 0 0  units had been 
sold (Tierney ,  197 3) .  
Per spec t ive .  While NASA's effor ts  to document and disseminate  
information have been  of cen t r a l  concern  h e r e ,  the Technology Utili- 
zation P r o g r a m  a l so  has  o ther  dimensions:  Technology Application 
Teams ,  computer  p r o g r a m  disseminat ion and adaptive engineering 
elfor ts .  The unique cha rac t e r i s t i c  of a l l  of these p r o g r a m  elements  
i s  that they operate  to provide technical ass i s tance  for  problem 
solving; and, fu r the rmore ,  they r ep resen t  planned efforts on the p a r t  
of the Agency to provide a s s i s t ance  to people not normally aligned 
with the space program.  
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SUMMARY 
This profile of the modes  for  technology utilization shows the 
pervas iveness  of thc t r ans fe r  and diffusion of ae rospace  innovation. 
It has  been demons t ra ted  that m a j o r  ae rospace  r e s e a r c h  and develop- 
ment  f i r m s  have internal ized specif ic  exper iences  and embodied these 
experiences  in  new commerc i a l  and industr ia l  products ;  specification,  
s tandards ,  and quali ty a s s u r a n c e  requi rements  have c a r r i e d  over  to 
improve the re l iabi l i ty  of c o m m e r c i a l  manufacturing; manufac turers  
have found new applications and m a r k e t s  for  their  ae rospace- re la ted  
products;  basic  developments in  scientif ic and cngineering disciplines 
a r p  being incorporated in  industr ia l  equipment design and construction; 
relocation of skilled individuals i s  helping to infuse ae rospace -gene r -  
ated techniques and prac t ice  into different economic sec to r s :  and, 
finally, sys temat ic  identification, documentation, and disseminat ion 
of iniormat ion concerning ae rospace  innovation has  s t imulated exten-  
sive adaptation act ivi ty  by  persons  and organizations in both the public 
and pr ivate  s ec to r s .  While a myr i ad  of examples  have been c i ted ,  a 
much l a r g e r  question can  be asked:  what does a l l  this act ivi ty  mean  
in the aggrega te?  In a recent  comprehensive study that was under-  
taken for  NASA by Midwest R e s e a r c h  Insti tute,  quantification of the 
re la t ionships  between technological p r o g r e s s  and economic growth 
was undertaken. Among the m a j o r  findings were:  
During the per iod of 1949 to 1968, the technology added to 
the nat ion 's  production r ec ipe  accounted for  40 percent  
of the r e a l  i nc rease  in pr iva te ,  nonfarm output; 
The leverage applied by  technological p r o g r e s s  on  the total 
stock of labor and capi ta l  permi t ted  a lmos t  20 pe rcen t  
m o r e  output than otherwise  might  have been achieved 
with the s a m e  quantity of labor and capi ta l ;  and  
Assuming that NASA's R & D  expenditure had the s a m e  
payoff a s  the ave rage ,  the $29 billion spent  dur ing the 
1959-1969 period have r e tu rned  $56 billion through 1970 
and will continue to produce payoff through 1987, a t  
which t ime the total  payoff will  have been $207 billion 
(Midwest R e s e a r c h  Inst i tute ,  1971). 
The examples  and modes of technology utilization presen ted  in this 
document show how the aggregate  economic and productive gains 
c i ted above a r e  actual ly  achieved. 
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